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YExecutive Summary

Thisrepdrthasbmnpmpamdnslhchﬂsmouth Gascous Diffusion Plant (PORTS) response to Deputy
Secretary of Encrey, T.J. Glauthier’s memorandum of Sepleraber 15, 1393, It is presented to address:

| Shipments and receipts of recycled uranium (RUY;

2. Levels of transuranic (TRU) and fission product (FP) contaminants in the PORTS flows and
processes that had the poteatial to expose workers; and

3, Information on mass balances for the RU, TRU, and FP to identify potential Envitonmental,
Safety and Health (ES&H) concerns.

The PORTS site has received and dealt with RU and its legacy from startup through current modem day
operations. Sources and amounts of RU received were: '

1. Uranium hexafluoride (UFy) foed manufactured at the Paducah Gaseous Diffusion Flant (PGDF)
: or the Ouak Ridge CGascous Diffusion Plant (ORGDF) from recycled uranium trioxide {UQ;) -
1,095.1 metric tons uranivm (MTU);

2, UFe fieed supplicd from other miscellaneous foreign and domestic sources —5.0 MIU; and

3. Oxides and other non-UF forns of uraniym comtaining TRU/FP from miscellancous foreign and
Jdomestic sources for conversion to UFs at the PORTS oxide conversion facility ~ 19.0 MTU.

4. A total of 4.6 MTU of non-UFg may have been utilized for development activities.

Additionally, an estimated 60 to 90 kilograms (kg) of the fission product technetium-99 (*Tc) were
received through FY 1997 in some 121,485 MTU of euriched UFg withdrawn from the PGDP cascade and sepplied
to PORTS as feed

Most of the RU-UFs was used as gaseous diffusion (cascade) foed with the kst sizeable amownt (400 MTU)
fed in January 1974, Subscquently, a smallcr amount, 1.4 MTU of highly enrichod uranivm (HEU) RU-UF, was fed
to the X-326 Process Building cascads as late as FY 1997 - FY 1998, Of the total 23.6 MTU received as non-UFg
5.6 MTU was converted to UFg in the oxide conversion facility. Approximately 1.9 MTU of the 5.6 MTU of UF;
this was used as cascade feed. The disposition of the 4.6 MTU of non-UF; that was potcntially used for
development activities is unceriain.

Shipments of RU matetials from PORTE were Limited to those fractions of receipts nat procsssed (cylinder
heels, nejected matexials, wnconverted oxidcs, etc.) and through March 1999 totzled 15.6 MTU. There was 8.3 MTU
of RU materials remaining on site March 31, 1999 ( not including wastcs, sludgeas, etc.).

Enriched UF, from the PORTS site was, and continues to be, esseatially free of TRU contaminztion. Low
but detectable levels of ®Tc were, and continue to be, present in the product, At times, high levels of this
contaminant have required additionz) processing in order to produce product within specifications.

UF.;tailsﬁumthEgasmusdiffusionmsmdcamandhawbmnmuﬁaﬂyﬁeeofTRUlFP.

Locations where worker exposure to TRU was most likely to occur;

1. Cascade calls near RU fecd points,

2. = Equipment removed from these oclls during maintenance and change-out evolutions; and

@oos
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3 Oxide conversion operations - especially during evolutions involving the handling of filter ash
while in operation on RU feed.

Locations where worker exposure to T was most likely to ocour are:

1, Top cascads cells (purge cascade):

2, Cascade vent alumina traps; |

3. Magnesium fluoride ( MgFy) traps for ®Te reduction; and

4. Decontamination and Uranium Recovery Building (X-70%) solution recovery raffinates and their
ueament sludges,

Figure ES-1 depicts the PORTS anaual inventory of TRU/FP constituents of RU,

Fizgure E5-1

ANNUAL INVENTORY OF RU
CONSTITUENTS'
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Ongoing ES&H conoerns from past operations dealing with TRU/FP axe peimarity those associated with
trace quantities of TRU and *Tc, Technetivm continues to be detectad throughout tamch of the cascade (albeit at
low levels) in plant process vents, effluents, and eariched product streams.

programs, These constituents would also be in Low Enriched Uraniwty (LEU) oxddes produced from the solutions
msed to docontaminate and clean this change-out equipment. These oxides wete containerized or shipped and no
longer present a significant concern at PORTS. A small fraction of these constituents remainz in the process
equipment that was not changed-out.

Activitics during the 1990°s associated with suspension of HEU production imtrocduced 1.4 MTU of RU
containing Jow levels of TRU into the X-326 cascadc under the HEU refeed program.  Constituents introduced
during this program will remain until the process equigment is removed.

Since plant startup, many cases of worker exposure (o and upéale of uranium are known and documented o
heve occnrred. While no internal dose has been assigned to workers from TRU constilycats of RU, it is Bkely that
an uptke of these constitusnts has oocurred at very low levels in the range of the Hmits of detection. Worlers are
known to have been exposad to PTe,

r’ ' The majority of TRU constituents have been romoved from the cascade with two equipment change-out
r'



b

1

—

ey

Ty T

T

1

i

,..-

|

—

. |

10/20/00

FRI 10:17 FAX 00

1. PORTSMOUTH, OHIO RECYCLED URANIUM MASS BALANCE PROJECT

1.1 Project Overview

The gascous diffision plants (GDF) were an integral part of the flow path for wanium reprocessed from
spent fuel from plutonium (Pu) and witium production reactors. See Figure 1.1-1. Issues were raised surrounding
this activity at the PGDP as to its potential for having affected the health of workers through exposure to the
constituents of the RU. The Office of Envivonment, Safety and Health (EH) initiated five projects to investigate
these legacy issues gt the GDP's and linked plants. The sccond of these projects involves conducting a review of the
characteristics and flow of uranium throughout the Department of Energy. This project is under the auspices of the
Oftice of Muclear Safety (EH-3) and is referred to as the mass balance project. It is the mass halance activity for
PORTS that is addressed with this report.

The Bechtel Jacobs Company, L1.C, under prime contract to DOE, was directed to prepare the PORTS site
report for inclusion in the overall mass balance project report. A team consisting of seven Jonp-term experienced
current and former site and contractor employees with 2 cumulative service of 185 years was organized to review
andd vesearch records of activities and RU operations. The team divided the site into four principal foous areas for
directing its investigation. These arcas represented the principle facilities and/or processes having the potential for
concentrating the constituents of RU. Additionally, these facilitics would present the greatest likelihood for worker
interaction with uranivm-bearing TRU/FP.

Yigure 1.1-1
Principal Flow Streams of the Urnnium Processing Cycle

@o11
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' These focus areas are: (1) uranium tetrafluoride (UF.) to UF; feed manofacturing plant; (2) cascade and
feed facilities: (3) vranium recovery; and (4) oxide conversion. Other facilities are addressed only to the extent that
they were considered potential contributors to the mass balance issue. Activitics at cach of thess facilities that
involved either RU or the constituents of RU were reviewed from initial introduction of wranium during plant startup
in FY 1955 through March 1999.

Four primary sources of RU were identified that bound the issu¢ for Portsmouth. These sources were: (1)
PGDE/ORGDP UFg mannfactured from usually depleted RU-UQy; (2) PGDF product; (3) RU-UF; supplied from
foreign sources; and (4) RU non-UFs supplied from many sources in small quantities. By wacking cach of these
four sources with time throughout ¢ach of the facilities and summing by facility, an anonal inveatory of RU
constitucnts was created.

Data sources were rescarched fo determing quantity, source, and transaction date of all wranium, regardless
of form received or shipped sf PORTS. A damabase of this informativn was prepared as (he initial phasc of this
effort. Attempts to corroborate shipments and receipts with other sites were made for the principal RU shippers and
Teceivers.

Classification of flows as B was accomplished based on the following criteria:

L Analytical data supports the presence of TRU or EP
2, Materials were of the characteristic enrichment levels of RU
.3, Suppliers identified the mterials as RU
4. Materials were coded as RU in Source and Special (S8) Accountability Reporis

For this report, KU was assumed to mafntain its identity as RU untl it was fod. From that poixt on, the
constituents of the RU were tracked. This approach was adopted since small amounts of RU were intermixed with
much brger amounts of non-RU.

Pmcessingof'RUwas.foundtnhawocmnedin!hreeofthc four primaty facilities studied No record
could be found of any RU based materials (UF,) having ever been processed during the 46-1/2 months of X-344
feed manufacturing operation, )

I the cascade, 1,093.2 MTU of RU was introduced as feed made of PGDF/ORGDP from depletad UO,.
Other forcign and domestic sources supplied 1.8 MTU of RU-UF,.  Some of this material was fod as late as FY
199%. The PORTS Oxide Conversion Facility manufactured 1.9 MTU of RU-UF (manufactured by various feed
sources) that was fed 1o the cascade. The cascade concentrated the TR constituent, peptunium (Np) and sall
quantitics of Py, at or pear the RU feed points.

An estimated total of 60 to 90 kg of the fission product **Tc was fod into the cascade, over the life of the
plant, from low concentrations i large quantities of Paducah Product Feed (PPF). The cascade concentrates ®Tcin
the top purge area and in fop vent streatm traps. A trap that was installed to remove *Tc from the cascades™ arca of
peak PTc concentration, concentrated *Tc in the trap media.

In uranium recovery, 38.2 MTU was recovered in the form of wiuranivm octoxide UyOy from all sourecs
during the period covered by this report. This oxide contained TRU (ptimarity Np) that had been retoved from the
cascade equipment during the two major cascade equipment change-out programs. The *Tc concentrates in the
sludees produced during the uranium recovery process.

 In oxide conversion, 233 MTIY of UFs was produced, over approximately 20 years of operation, from
various on-site and off-site {including foreign) sources. Of this prodoction, 5.6 MTU was identified a3 having been
made from RU source materials, The process of oxide conversion is shown to concentrate TRU primarily in filter
ash, and to a lesser degrec, in tower ash and tap media.
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~ Adding all of the quantities of TRU/FP constituents over time bounds this issue at PORTS. An estimated
3.7 graius of Pu were received at the plant. Approximately 0.1 g entered the process equipment. A total of 182 g of
Np were received with about 46 g entering the same process equipment.  Some 60 to 90 kg of ¥Tc must be
considz:mdnshavingbcmpmmsmdwithmuchofthishavingbmntemavndthmughWnﬁngwm::cnvimnmmtor
through sludges originating from uranium recovery operations. The quantitics of TRU/FP constituents that did ot
enter the process equipment remained in the cylinders.

Worker ‘exposure analysis consisted of 4 review of available workplace monitoring data that included TRU
results and reports which summarized workers' exposure monitoring results of the In-Vivo and wine bioassay
prograins.

Th¢greamtpmnﬁﬂfarworknr:xpomcmsdmmhadbymmgmcopmﬁmwhqe
concentrations of TRUAP occurred.

Inthccasmdc,wrknrcxpusumsumyhawmnedas: _
I Maintenance evelutions, including change-out of equipment at the RU feed points; and
2. Maintenzanoe gvolutions. including trap changes in the top purge and Te collection traps.

For wranium recovery, worker exposurcs may have occurred in the handling of the studges and perhaps UFs
cylinder washing operations. For oxide conversion, worker exposures may have occurred with the handling of the
filter and tower ashes.

Since plant start up, nmqrcascsofworkcrmcposmmandupmknofqmnimmhmwuanddoqménmd
to have occumed. While no internal dose has been assipned to workzrs from TRU constituents of RU, it is Likely

lhatanuptakcofthmmns:ﬂucnﬂhasommcdaxvmylowlwdsinthcmngcofthaﬁmitsufdmﬁom Waorkers
are known to have been exposed to *Te.

1.2 Purpose and Scope

Thepmposcofthispmjeaismqmn&taﬁwlyesﬁmatuhehkmﬂwlmﬂm and characteristics of RU
within the PORTS site and between PORTS and other sites. The information generated from this project will enable
the DOE to assess the potential for worker exposure and environmental coatamination at PORTS resulting from the
RU streams, specifically that caused by the TRU isotopes of Pu and Np and the fission piodnct ¥Fc. These
constituents were known to be present in trace amounts in wranium that had been recyeled from DOE reactor
programs and other sovrces, This projoct focuses on:

1. Jdentifying the mass Slow of DOE RU from startup to March 31, 1999, from receipt to ultimate
disposition. An intersite flow shect was created showing how the PORTS site imterfaced with
other sites in the flow of RU. The flow includes all types of urapivm including depleted, nommal
and enriched in geveral forms, The chemical forms specific to the site include granium axides
(U0,, UsOy) and uranium dioxide (UO2), wraniom fluorides (UF4 and UF), and uranium wastes
that contain amoynts of uranium that would affect mass balance studies;

2. Identifying the major facifitics where the various forms of R were meceived, processed, or
' treated, thateby concentrating the various TRU and FP constituents. ‘The processes gnd activities
are sufficiently described, including feed wnd product specifications, and the uranium stcams
characterized a5 to their content of TRU aud FP to permit addressing worker or public health and

safety issues; and

3. PerfonnjngasiwmssbahmemmedcgmcmdsﬁngmmaMMyﬁmldmpumiL

@013
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Items specifically excluded from this study and the rationale for exclusion is es follows:

1L

Radioactive sources and standards,

‘These itemns are usually in sealed configurations or are in laboratory reagents. Their isotopic
masses are accounted for under either the nuclear materials confrol #nd accountability system or
the source control system.  Their use is and has been controlled to assure worker safety and, a8
such, are not considered relevamnt 1o this study.

Very Highly Enriched (VHE) UF; shipments.

In order to assure that this effort remains unclassified, matenials in this flow were not considered.
Duc to the behavior of TRU/FP in the pascous diffasion cascade, it i likely that only ™Tc mxy
have been a significant constituent in this strearn. Due to the extremely high alpha levels of the
VHE yranium, the fractional contritution of any T to dose calculations would be minimal.
Uranium Managcnwnt-CenI.n‘ inventories.

Materials were received after March 1999 aud, therefore, arc out of the project scope. These
materials, however, are merely being stored with minimal worker interaction.

Project Implementation Strategy

The project goals are to: _

1. Identify the mass flow of DOE RU from early production to March 31, 1999, including wltimate
vse or disposition: .

2. Identify the characteristics snd contaminants in fhe major wranium streams, specifically Pu, Np,
and *Tc or other isotopic constituents of concern to worker or public health and safety (includes
waste and scrap st;uams); and .

3.

Conduct PORIS site spocific mass balances sufficiently thorough to identfy sigmificant
implications for potential employec exposurs to environmental contamination. :

The strategy for accomplishing the PORTS mass balance project inchudes:

1.

-2

Utilizing, cxisting DOE, Bechtel Jacobs Company, LLC, and United States Enrichment
Cortporation (USEC) protocols, procedures, and conitrols;

Chtaining and utilizing pecessary “staff” specialists and support personnel theough contraciual

Means;

Establishing a stuctured approach o mochng the project gmlr;, inctuding the use of key
assumptions;

Ensuring effective communication of Progress, issues, and problem resolution through regular
mectings with project personnel ; and

Coordinating with other sites and sharing of results.

This strategy is implemented through an erganizational structure and a hierarchy of work elements
described in Sections 1.3.1 and 1.3.2, respectively. '

@014
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131  Project Organization

The mass bakmee project is planned and implemented through # matrix chain of responsibility and
authority as shown in Figure 1.3.1-1. .

The Office of Nuclear Safety within the DOE bas overall responsibility for conducting this project as part
ofits-planwm'iewthnchmmﬁsﬁcsandﬂowofumniumthroughuutthaDOEmmplm The DOE
team provides averall project direction and compiles the complex-wide report with assistance from the working
group team leaders, Working group teams consisting primarily of DOE headquarters federal staff, are designated
for each site to validate sits data and results mnd assist in resolving any discrepancics botween sites on

i iver dat, as well ps provide assistance, 85 necessary, to complete the final site report. A data analysis

subfeam assists the DOE headquarters team in the analysis and consolidation of site report data for the final
complex-widc report.

The PORTS site team is lead by a senior Bechtel Jacobs Company, LLC marayger repotting to the PORTS
Mimager of Projects. ‘The site team is composed of a subcontractor-based technical staff possessing over 185 years
of combined experience in the maintenance, operations, engincering, snalytical laboratory, and health and safcty
areas of the Portsmonth site. Support services, covering primarily nuclear matesials control and accountability and
records management, fre provided, as needed, by the USEC, The site team is responsible for obtaining and
summarizing site-specific RU data over the site’s history, including mass flow and balance, TRU/FP constituent
data, sitz inventory as of March 31, 1999, and for identifying major facilitics/processes contributing to patential
WOIker exposure.

132  Project Work Plan
Appendix B of the POE Project Plan (Ref. 1) provides the foundation for the site’s review of historical

documents, extraction and evaluation of relevant data and preparation of this report. The fiamework to accomplish
this praject is shown, in Figure 1.32-1. Data collection and evahmtion were based upon the following key project
assumptions:
‘ 1. Materials are classified as RIUT if:

8 Analytical data showed a positive indication for TRU;

b, Tdentified as such by the shipper;

c. Supglied as UF, or UF at the characteristic RU entichment (-0.63-0.68% U,

d Coded as B1J in the source and special acoountability records.

2. Matexials that contzined the fission product ¢ without significant accompanying quantities of
TRU are not considered as RU (Le., Padocsh Product Feed),

3. Once RU tmaterials enter into the cascade, or other process they are considered to have lost their
RU identity; .

4, Quantification of TRU constitucnts in Uk cylinders from PGDP and ORGDE and their
subsequent feed rates are assumed to be in accordamee with the Historical Impact of Reactor Tails
on the Paducah Cascade (Beaf 2),

5. TRU/FP behavioral assumaptions in the PORTS diffusion cascade are as follows:

a The minmte amount {if any) of Pu that enters the cascade Jodges in the immediate vicinity
ofthe food point;
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_Ho1s
b Np entering the cascads becomes lodged on bartier and unplated sufaces close to the foed point
until its rexnoval dutring an equipment change-out; and
c. T, due 1o its strong aﬁﬁ%;or metallic surfaces, starts plating out at the feed point and thea
progressss up stream.  The Te continues sorbing on metallic surfaces in successively higher

cascade cells until the eatire cascade above the feed point reaches equilibrium. The **Te will then
migrate to the top of the plant due to its lighter molecular weight.

6, A process is considered to have the ability to concentrate TRU/FP if it increases the mass of TRU/FP
constituents relative to uranium or decreases the wrsminm mass relative to the amowunt of TRU/FP,
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2. S HISTORICAL OVERVIEW

21 Site Description

“The PORTS facility is one of two operating uranjum enrichment production facilities in the United States.
Both facilities are owned by the DOE. The other operating facility is located in Paducah, Kentucky. (A third
nraminm enrichment facility, in Oak Ridge, Tenncssee, was placed in standby in 1985 and shut down in 1987). Each
facility utilizes the paseous diffusion process to enrich uranium from & natural state of less than 1% “U to increased
concentrations varying from 2 to 5% “°U for use as fuel for nuclear power generation. The Paducah facility
presently enviches uranium to approximately 2.5% 235 and then ships it to PORTS for forther enrichment. PORTS
had the capability of schieving a higher percentage of cnrichment: however, highly enriched wranium opcrations
were shut down beginning in 1991,

In June 1951, the Atomic Encrgy Comunission (AEC) began design stucties that would lead to_the
construction of a gaseous diffusion plant that could be added to the Oak Ridge—Paducah complex and provide »iy
production at rates substantially above those of the existing complex. The AEC began site sclection for a new
gaseous diffusion plant and selected PORTS in 1952.

12
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nsists of 109 buildings occupying 500 acres located on a 3708 acte DOE-owned tesetvation m
Pike Cau?léfkl'xtx‘sm?thmmglbl?m about two miles east of the Scioto River and 18 miles north of Portsmouth, Ohio
(refer to regional location, Figure 2.1-1). Construction of thn plant began m_lxtc 1952 and pfoduc:t‘mn of entiched
uranium began in eardy FY 1955, one year before completion of construction. In the late 1970's, FORTS was
chosen as the site for consttuction of 2 new uranium ennchmeng facaht}: wtilizing pas centrifuge tcd_mology.
Construction of the Gas Centrifuge Earichment Plant (GCEF) began in 1979 in an area southwest of and adjacent to
the existing gaseous diffusion plant. Construction of this facility was halted in the sammer of 1985..

With the Energy Policy Act of 1992, the responsibility for the operation of the gassous diffusion plant at

TORTS tmnsferred 1o the newly created USEC effective July 1, 1993, With this transfer of responsibility, DOE

sed to USEC property shown in Portsmouth Gaseous Diffusion Plant Building Lease Status, Figure 2.1-2.
ﬁthcugh the USEC has managed the gascous diffusion operations at PORTS since July 1, 1993, the DOE continues
10 have a significaxt prescnce, partioularly in the area of environmental restoration and the responsibility for treating
and disposing of wastes resulting from GDP operations prior to July 1, 1993,

Figure 2.1-1
Regional Location of FORTS
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The gaseons diffusion enrichment process takes place in three large process buildings; X-333, X-330, and
X-326. Process buildings X-333 and X320 were built in 1955 and nsed for the initial and intermediate phases,
respoctively, of uranium enrichment. The process building (X-326), which was built in 1956, was originally used
for the high enrichment phase, but is no longer used for this purpose. The X-326 is currently used for product
withdrawal and side feeding, In addition, from early 1997 to mid 1998 the X-326 product withdrawal equipment
was used for HETT blending activities.

Various UF, feed, withdrawal, and sampling systems and UFs cylinder operations are located in the three
process buildings, as well as the X-342A Feed Vaporization and Fluorine Generation Facility, X-343 Fesd
Vaporization and Sampling Facility, and the X-344A Toll Enrichment Services Facility.

Three large facilities, the X-700 Converier Shop and Cleaning Building, X-705 Decontamination and
Recovery Facility, and the X720 Maintenance and Stores Building provide most of the equipment maintenance
support for the diffision cascade. Ecuipment removed from the cascade is disassembled and decontaminated in X-
705, which also houses equipment/systems for the recovery of uranium from decontamination solutions.

2.2 Key Uranium Processing Facilitics

Four major facilities were suspected of containing processes where RU constituznts may be concentrated
and, thereby, present the potential for worker exposure or environmental contamination. These facilities are listed
below and their description and processes are described in subsequent sections: '

N

1 X-344 Feed Mamufacturing Plant; '

2. Cascade (X-333, X-330, and X-326) and associated feed, withdrawal and sampling facilities;
3, X705 Decontamination and Recovery Facility; and

4, X+705 Oxide Conversion Facility.

221  Feed Manufacturing Plani

14 FEED MANUFACTURING FACILITY

13
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2213 Plant Description

The X-344 Feed Manufacturing Plant was located kargely in what is now the X-342A Feed Vaporization
and Fluorine Generation Building and X-344A Toll Enrichment Services Facilitics, which are located north of the
X-745B Toll Enrichment Process Gas Yard in the north-central region of the PORTS site. The feed plant was
constructed and aperated in the early days for the production of UF; from UF, green salt. The plant consisted of: 1)
a building 10 house the process equipment, offices, and maintenance areas; 2) an suxiliary building for ash storage
and acid neutralization; 3) an acid unloading and storage facility; and 4) modifications to the existing X-342A

The process for producing UFs was by direct fluorination of UF, in a tower reactor as shown in Figure
2_2.111-1._ The product UF; was piped to refrigerated cold traps where it was separated from other pases by
condensation,  Subsequently, the cold traps were isolated, heated, and the UFg drained as & liquid into 10-ton
cylinders for eventual vaporization into enrichment cascades.

FIGURE 2.2.1.1=1
FECD MANUFACTURING PLANT PROCESS
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. The large quantities of fuorine required for the process were produced by electrolysis of hydrogen fluoride

r * (HF) in fiuorine cclls. ‘The HF was stored in three 12,500 gallon storage tanks located within a concrote diked arca

protected by a Butler-type HF storage building (X-344C) located next to a spur frack northeast of the X-344

building. Pumps were provided to transfer HF from the storage tanks to vaporizers located in the X-344 aod than to

r‘ the fluorine colls. A tfotal of 40 cells were available for fluorine production. Equipment was provided to filter the
| fluorine and remeve any residual electrolyte, and heat it prior 1o being metered into the tower reactor system(s).

; Handling equipment was provided for teceiving green salt powder in 30-gallon drums or five ton containers
I- in milroad s or trucks. Facilities were provided for washing and drying of empty 30-gallon drums. A mocans was
provided for adding one 30-gallon dram of ash to each five-ton comtainer prior to its rotation and positioning over

the tower feed hoppers.
r: The green salt fluorination systemn consisted of four tower reactors and the fluorine cleanup reactors. Each

reactor system included a fluorine preheater, feed hopper, feed screw, weactor tower, cyclone barmier filter, ard ach
receiver similar in design to that used in the Oak Ridge feed plant. Following the reactor sower systems, the Ukg pas
was collected and piped to a backup filter station, prior o being compressed and passed throngh one of four roughing
cold traps. A portion of the gas from the cold traps was recycled back to the peactor towers and a portion was piped
to a cleanup teactor system to ramove auy resideal fluorine. The gas from the ¢leannp teactors was passed through
one of the six cleanup cold trps. Any uncondensed UF; in the gas stream from the ¢leanup cold traps was removed
in the aluymina traps prior to venting to the eavirommemt, :

Four drain positions were equipped for collecting the liquid UFs drained from the cold traps. Each position
was designed to handle a 10:4on cylinder. ‘

N B

Ash prinding and storage facilities were provided for storing and processing unreacted green salt collected
int the ash receivers under the towers, filters, and ¢yclones. These facilities were equipped for heating, crushing,
pulverizing, and continerizing the ash for blending with fresh grecn salt for wse in the tower reactors.

A system gindlar to that used in the Paducah feed plant was provided for neutralizing waste acid from the
water scrubbing systemn before the watsr was passed to the sewer. This system provided for the mixing of lime with
the acid solution '

Mazintenance areas wers provided for dismantling and repairing flworine cells amd other process equipment.

2.2.1.2 Matcrial Flowsheet
The nmterials flowsheet for feed mamnfacturiog is shown in Figure 2.2.1.2-1.

A review of plant records (Ref. 3 and £) indicates that all UF, fod into the feed manufacturing plant duriag
its history was of nopmal enrichment from two sources; pamely Mallinckrodt Chemical Works (MCW) and
National Lead of Ohio (NLO). No tecord can be found of UF, produced from RU forms ever having been fed in the
Foed manyfacturing plant, The UF; product was stored and cither fed to the PORTS enrichment cascade or shipped
10 one of the other entichment cascades. “The neaction of UF, and fluorine in the tower reactors did not consume all
of the UF, and some of it was caught in the ash receivers under the towers, filters and cyclones, The ash, which

. contained useable uranium, was recycled though the tower after further processing. “The ash rectivers were stored
for aprroximmately two moaths to allow the radiation level fo drop to the point where the ash could be handled.
Following the storage period, the ash was keated and the absorbed UF; driven off and recovered in 2 water scrubber
system. The UF; fiee ash was then crushed, screened, pulverized and containetized for future blending with fresh
groon salt for use in the tower reactors. The only time ash was removed from the plant was after shutdown when it
was pulverized, containerized and shipped to Padoch,

The waste acid from the water scrubbing system was neutralized with lime and permitted to pass into the
sewer or containerized and transfermed to the X205 for processing.

17
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The spent atumina from the chemical traps was containerized and either stored in the X-744G Bulk Storage
Facility or buried in the X-749 Low Level Radioactive Waste Burial Ground.

2.2.1.3 Operating History

The Feed Manufactuting Plant was tumned over to Goodyear Atomic Corporation (GAT) on April 25, 1958,
Tnitial testing of the plant was performed using a special allotment of UF, shipped from Mallinckrodt Chemical
Wotks for the production of UF, standards. The initial testing was completed on May 14, 1238 and the plant started

production operations on May 15, 1958. The plant continued opecations until February 1962 at which tane it was
shut down.

During its 46-1/2 month cpcrational life 11,983 MTU of UF, was fed, at an average rate of 9.5 MTU per
day, producing 2 total of 11,890 MTU of UFs (sce Appendix I). This operation experienced mumerous operating and
wainienance problems resulting in significant radionuclide emirsions to the atmosphere as well as contributing to its
shutdown. The plant lost an average of 407 kgl per year to the atmosphere from 1959 until its shutdowm in 1962,
(Re£. 5). ‘ “

At shutdown all material inventory was removed from the system, containerized and moved to storage for

final disposition. About 23.3 MTU as ash was removed, pulverized containerized and shipped to Paducal for
PIOCESSIng.

2.2.1.4 Cuarrent Status

After shutdown in 1962 and material removal, the process equipment was dismantled In the early 1970's,
new plans for the X-344 facility were preparcd and the building was converted by 1975 to serve as the
shipping/receiving point for low-assay UFs (less tham 5%). Currently the facility is used for sampling 10-ton
product cylinders and transferring product into smaller (2-1/2 tor) customer-owned cylinders for shipment Use of
all but four fluorine getieration cells was discontinued with the remaining finorine cells used for maintenance spares.

2.2.2  Cascade and Feed Facilitics

19
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2.2.2.1 Deseription

. “The PORTS cascads is comprised of 4080 stages of process equipment and is capable of enriching uranium
to 97% DU assay, Table 2,2.2.1.1 summarizes the stage anangements per building and itemizes the number of

- stages of the various size equipment. The 33-size equipment [ocated in the X333 Process Building is the Lepest,

Figure 2.2 2.1-1 shows z typical cell flow diagram for X-33-size equipment.  The 25-size equipment

located in the
X-326 Process Building is the smallest. The cascade origl

ly was fed from the X-342 building which housed 12

* steam vaporizet bays used to heat 2-1/2 and 10tan UF, cylinders. Two prodict withdrawal facilities located in the

X-326 building, onc heing for Very Highly Enviched (VEHE) product and one for Extended Range Product (ERF) for
lower assays and one tails (depleted stream) withdrawal facility located in the X-330 building was part of the
original plant design. A purge facility used to vent light gases is also located in the top (i, near VHE product
arcas) cascade of the X-326 tuilding.

Table 2.2.2.1-1

Cascade Confizurations
Process Building Equipment Size Number of Stages
X-333 33 or (000) 640
31 ox (00) 500
X-330 29 or (0) 600
27 720
X-326 25 1620
TOTAL 4080

'I11mugh the years, PORTS mission cvolved from high assay production for military uses to providing low
enrichment services for fucl to be used in commercial muclear power plants, Additional facilities have been built
and existing facilities have been modified to reliably support the pew mission, A new feed facility, the Feed

Figure 2.2.2.1-1
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Vaporization and Sampling Building (X-343) was built and placed on linc in 1983 and houscs seven autoclaves.

The 12 steam chests in X-342 were removed and two new autoclaves were installed to feed the cascade. An
additional Tow Assay Withdrawal (LAW) facility was instalied in the X-333 building and modifications were ruade
to enable product withdrawal at the tails withdrawal area, as well as tails withdrawal at LAW, The X-344 facility
was modificd into a toll enriching facility where product transfers from 10-ton processing cylinders to 2-172 ton
customer ¢ylinders with associated sampling is accomplished and cylinders are loaded onto tracks/railcars -and
shipped ofl-site.
2.2.2.2 Muterial Flowshect
See Matzrial Flowshest — Cascade ~ RU-UFs , Figure 2.2.2.2-1

Fipure 2.2.2.2-1

Material Flowsheet — Cascade RU-UF,
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2223 Feed Specifications

1. Feed <5% - American Socicty for Testing Materials (ASTM) specification C-787-96 {or previous
. revisions) for natural uranium and UF that has been roccived from iradiated urativm which has
been reprocessed and converted to UFg (se= Ref. 6 and 7).

. Primary specification item — total alpha activity from Np and Pu to be limited to 1,500
disintegrations per minute/gram uranium (dpm/gll).

21
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Feed >5% assay — scrap return program beginning in 1968 that had reactor return coustituenis was
under a 1961 specification stating that total activity lsvel to b less than 1,500 dpm/gl). Although
these specifications were reissued in April 1971 by the AEC which raised the alpha activity level
to 15,000 dpm/gU, PORTS contimued to use 1,500 dpm/gl limit for scrap acceptance except for
approved deviations on the NLO matetial received at 3,000 dpm/gUL

e

3. Shipments between the diffusion plants are exempt from ASTM specification criteria, although no
known receipts or shipments have been identified that exceed the total of 1,500 dpm/gU limit.

2.2.2.4 Prodact Specifications

1. Product <5% - DOE memo dated Tanoary 22, 1993 and ASTM mpecification C-996-96 (or
previous revision) (sce Ref. 7 and £).
2. Product >5% - military uses exempt from ASTM specifications. Naval and WeAPONS Program

spesifications were used.

2.2.2.5 Operating History
_ Startup of the PORTS cascade began carly in FY 1955, Appendices IT and III summarize the total uratiym
and RU received and shipped from PORTS (all forms) from startup to March 31, 1999. Appendix I'V shows all the
1JF, fed to the cascade and its source, including reactor returns o0 &0 anmal basis over the same 44-year timeframe.
Reactor returns were fed to the cascade in timeframics shown in Table 2.2.2.5-1,
Table 2.2.2.5-1

REACTOR RETURN CASCADE FEEDS (UFo)

§
[
I
"
-
[
I
§
[
r

Fiscal Year A’,n;“f:%nd Assay % U™ Source Remarks
1955 105 0.64-0.68 Paducah
1956 54 0.640.63 Paducah Fod May — Sept. 1955
296 : {.64-0.68 Ohle Ridyee ‘
1957 ' 2] 0.64-0.68 Paducah

1958 64 0.64-0.68 Faducah
1970 168 0.64-0.68 Faducah Fed Oct. & Nov. 1969
1914 339 0.64-0.68 Paducah Fed Jan. 1974
1963-1977* | Q.15 78-80 Divizion of International Affzirs
1977-1998* 0.15 78-97 Babeock & Wilcox
: USAEC Office of Safepuards &
1969-1993* 0.07 73 Materials Manapement
1.10 56-82 France '
0.30 80 NUMEC

1974-1978* 1.86 2-50% PORTS Oxide Conversion

1997-1993

The operating history will be discussed with focus on significant RU events shown in Figure 2.2.2.5-1.
Mesamccvemswillbcportmyadasmp:ﬁgminsmion 3.

r *Streams will require additional rescarch to pinpoint the feed date if docmed necessary.
F 22
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During plant startup, some RU that had been converted to UFs at Paducah and Oak Ridge was fed to the
cascade. Five hundred twenty-seven (527) MTU RU of a total feed of 33,356 MTU (a total of shout 1.6%) was fod
duting the FY 1955 - FY 1958 timeframe. Feed cylinder numbers, assay, date fed, and cascade feed point have been
located, analyzed and tabulated (see Appendix V through VIN). The Oak Ridge feed (296.5 MTU) came in 2-1/2 ton
cylinders, whereas the Paducah material (230.6 MTU) came in both 2-1/2 ton and 10-ton cylinders. It appears that
some of the 200 2-1/2 ton cylinders used were cycled between the plants with RU materials two to four times,
thereby concentrating the RU in the cylinder heels,

i 4 s i

) [ | . TR T kKl T o IR
Maintensnce Workers Finfshing Aasembly of a X33 Size Converter

Following this period of RU feeds, the plants’ first equipment change-out program commenced. This
converter batticr replacement program rn from FY 1957-FY 1962 during which time 560 stages of X-33-zize, 500
stages of X-31 size, and 280 stages of X-29 size converter barrier were replaced. The amount of TRU in the RU that
could have been removed from the cascade and the process equipment during decontamination in this Gmeframe is
based upon the concentration data provided in Ref. 2 and for this period is calculated 25 32.7 g Np and 2.2 mg Pu.

Reactor returns were again received from Paducah in FY 1968 —FY 1969 (568 MTU). One hundred sixty-
sight (168) MTU was fed to the cascade in October and November 1969 (FY 1970), and 400 MTU (which is the
largest amount fed at PORTS in any one year, as well s comprising 35% of all RU fed to the plant to date) was fed
in Jannary 1974. A mamual UF; product cylinder history card system giving cylinder transactions since startup is
available in the USEC Nuclear Materials Accounting Department for cylinders located at PORTS. Some other
interplant cylinder history is also available. From these records, it appears that the 26 10-ton cytinders fed in FY
1970 were recsived, fed, and filled with PORTS tails, and rzhaned, The 62 10-ton cylinders fed in FY 1974 were
returned to Paducah empty where 28 were cleancd and returned to PORTS empty in the June 1975 timeframe.

Following this period of RU feeds, the plant’s s¢écond major equipment change-out cascade improvement
program (CIF) began in FY 1973 and was completed in FY 1983. Esseatially all X-33 size (640 stapes) and X-31
size (500 stages) ' of process equipment and piping were removed, decontaminated, and modified. The amount of
“IRYJ that could have been removed from the cascade during this campaipn is based on the concentration data
provided in Ref. 2 and for the period is caleulated as 12.8 g Np and 1.2 mg Pu.

24
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. During the period of FY 1968 - FY 1978, small quantitics of various assays RU were received as UFg or
converted to UF, at PORTS® oxide conversion facility, This was part of the government's scrap retum program.
Sec serap retwns program (UFg) and converted oxides for cascade feed Table 2.2.2.5-2, for amount of RU-UF,
received per shipper, amount of RU-UF; produced at PORTS oxide conversion, assay, amount fod through March
1999, and the amount in storage as of March 31, 1999, Detailed information is available for this UF,, except for the
specific dates cylinders were fed. A total of 1.4 MTU was fed to the cascade in the X-326 Building during the HEU
refeed program in the FY 1997 - FY 1998 timeframe was from France and NUMEC; UF, assays ranged from 36-
£2% (see Appendices VI through X11), .

Table 2.2.2.5-2
SCRAP RETURN PROGRAM (UF) AND CONVERTED OXIDES
FOR CASCADE FEED
® Fiscal Aoj;l:]t;‘n t Timeframe | s In Stnar;gc =
. >, | Year Fe | No. &Sizes| Fedto |EE] M
Shipper & . Reccived/ . . March 31,1 & 4
& | Received/ Co - |of Cylinders| Cascade E )
2 | Converted nverted FY) E 1999 2 ¥
(MTU) MTT)
Division of -
. foml Afwirs | 1530|1968 0.15 10-5 1968-77 | 0.15 0 -
Babcock & Wilcox 7897] 1977 0.15 11-5" 1977-78 | 0.15 a -
2
USAEC Office of 135 .73 2172 tor) | - 273 -
Saferurds and 1969 { on) | 1969-93
Material Management 5 007 ) ‘ .07 0 -
France 56-82| 1972-78 1.6 67-5” 1997-98 | L1 0 03
NUMEC 0 1972 0.33 20-5" 1997-9% [0.33 0 -
Tdaho
. Chemical
Oxide  |Processing| 50 lzzfzg“;“ 14 | Unknown | 197477 {14} o -
Conversion | Plant )
at POR; (ICEP)
from: ‘ 13 1976-77 0.12
1976 5" & 12 ogLy || @oL -
NLO 29 | gm& | a2 S 0| doab G eyl
May) 4@ 1200y  o© - 362 -

Throughout the plant’s history, many pieccs of process equipment have been changed out under routing
plant maintenance in ‘addition to the two major upgrade programs discussed above (see Anmual Equipment
Replacement Summary Table 2.2.2.5-3). Two smaller equipment change-outs were also reviewed and are discossed
below.

The purge cascadc converters began to plug with **Te compounds and other metallic irapurities from feeds.
A program to remave, dismantle, and clean approximately 25 converters occurred during FY 1973-FY 1978. An
estimated 0,375 kg of *Tc was removed from the cascade with this program.  An off-stream hot-gas treatment
process was developed that allowed some *Te plugged converters to be unplugged in place. The same process was
used to clean equipment of T prior to nuintepance/equipment removal activitics.

25
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Table 2.2.2.5-3

ANNUAL EQUIFMENT REPLACEMENT SUMMARY

Compressor Removals Converter Removals
Calendar ‘ Total
Year ‘ -
X35 | X31 | X-29 | X-27 | X-25 | Total | X-33 X31 | X299 | X227 | X-25
1954 - 47 — - - 47 —_ 6 - - - [
1953 2 9 7 14 g 40 1 1 & 2 12 20
1956 20 |10 7 13 13 63 12 59 2 0 2 T5
1957 30 1% 2 17 7 74 169 304 0 0 1 474
1958 22 RO 1% 16 8 ‘144 345 15 1 2 0 363
1959 23 106 2 8 g 152 208 0 2 0 0 210
1960 8 203 54 112 8 286 40 20 213 2 0 275
1961 G 20 257 17 10 370 63 40 40 0 0 143
1962 0 102 0 0] 4 12 188 5 50 ( 0 0 55
1963 12 50 38 5 & 111 17 20 20 0 0 57
1964 3 42 45 5 12 109 4 20 30 1 0 55
1965 8 23 95 10 24 160 3 20 22 0 0 47
1966 4 37 15 13 14 83 5 10 0 12 2 29
1967 19 | -4 2 10 15 50 26 0 ( 0 1] 26
1968 6 1 2 12 18 39 20 0 0 0 0 20
1969 22 1 26 3 20 72 20 1 0 0 \ 21
1970 21 1 20 2 6 50 1 14 0 0 0 15
1971° 15 1 12 2 5 33 12 1 0 0 1 14
1972 36 10 18 4 6 4 12 0 0 Q B 20
1973 24 0 10 5 10 49 30 0 0 0 6 36
1974 40 4 13 3 5 65 44 0 0 0 0 44
1975 - 127 42 0 6 10 185 119 0 0 0 1 120
1976 14% i1 16 5 2 185 118 1 1 0 20 140
1977 198 &6 5 2 12 283 | 150 40 0 0 0 190
1978 150 70 2 5 10 237 148 52 g 0 4 204
1979 54 40 L] 6 18 353 54 30 0 Q0 Q g4
1950 106 3 4 15 15 143 110 6 0 0 18 134
1931 12 197 12 7 21 249 [ 154 B4 0 (4] 244
1982 4 190 5 34 23 256 2 150 16 1 18 227
1983 25 40 6 42 25 133 4 g 0 0 0 12
1984 32 4] 6 54 13 111 14 0 0 0 0 14
1985 44 10 2 3% 20 114 14 2 \ 0 0 16
1986 21 2 0 18 3 44 20 2z 0 0 0 22
1987 2 2 2 11 23 40 18 0 0 0 1 19
19388 2 2 3 7 23 37 18 1 Q O 0 19

MgF; sidestiean (raps 10 Femuove P were instalk
corréspond to peak concentrations of **Te in the cascade.
cascade PTc invemtory, but creatod a source of concentrated
not been quantified.

26
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This trapping system was
"¢ trap media The quantity of *Tc in this media has
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Another program consisted of the removal and subsequent decontamination and rebuilding of
approximately 190 Fairchild typs 7A compressors during FY 1982-FY 1986. These compressars were located in
the X-326 building and are part of the X-27 size equipment. Duetoa design problem, these compressors had wet air
inleakage at the bolted compressor flange area. No TRU was considered to be removed with this activity.

n FY 1991, high assay production was terminated and 1,680 stages of equipment were shut dow.
Treatment for deposit removal, 85 peeded, and mothballing of these shutdown cells ncourred betwesn FY 1993 and
FY 1998. A total of 240 X-27 sizc isotopic stages and 180 X-25 size purge cascade stages remain in gperation

In July 1993, USEC feased the enrchment facilities from DOE with Lockheed Maxun Thility Services
becoming the Maintenzance and Operating (M&O) contractor.

During FY 1957 - FY 1998, HEU UF; stored on site was fed and blended to LEU specifications in an
agreement between DOE and USEC s part of a program to teduce PORTS inventoty of HETL

In March 1997, regulatory oversight of enrichment operations transferred from DOE to the Nuclear
Regulatory Comrission (NRC). I December 1998, X-326 side purge cell X25-7-2 caught fire due to interpat
compressor rubbing and resultant exothermic reaction Three other side pucge cells wers damaged and are
undergoing rework/rebuild  In May 1999, USEC took over direct operation of earichment facilities.

2226 Current Statoy

. USEC is currently leasing and opcrating the cascade and its support facilities. The X-326 is essentially
shut down except for 240 X-27 size isotopic stages and 180 X-25 size purge cascade stages. ‘Varying amounts of X-
27 size equipment and X-25 size equipricnt are running. Efforts are ander way to rebuild the side purge cascade

 cells damaged from a 1998 fire. The shutdown equipmment has been cleaned of large deposits and mothballed, All

%-333 and X-330 building equipment is available for USEC's use. Approximately 88% of the X-33 size equipment,
60% of X-31 size equipment, and 8% of X-29 size equipment are rumning At this time. The HEU-UF; in storage has

. been refed/down blended and other uranium bearing materials of greater than 20% assay have been shipped off site.

Six cylinders with RU-UFs (6.5 MTU) were in storage as of March 31, 1999 at PORTS.

2.23  Ursnium Recovery

5 x L

n:ammahu Uranium Recovery Fty

X-705
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2.23.1 Flant Description

primarily in the X-705 with ancillary waste treatinent
opcrations located in the X-700 and at vatious times t the X-701B Holding Pond. A pictorial dizpram of the
integrated uranium recovery process is shown in Figure 223.1-1. The oxide conversion segment of this process
will be discussed as a separate plant in Section 2.2.4 due to its unique mission.

The utanium recovery operation is contain

The wraniwm recovery facility was designed to reclaim wranium from the following principle sources:

L Decontamination solutions from equipment removedd from the cascade and arcas (swall and large
parts}

2. Field decontammation solytions
Trap media lcaching

4, Oudde conversion, UF, mnﬁmiom and incinerator ashes and filirates

5. UT; cylinder cleaning

6. Laboratory and miscellancous sources.

The processes used to create recoverable quantities of uranium from the above sources are varied in size,
complexity, location, and throughput. They all, bowever, involve chemical or mechanical removal of uranium
compounds from metallic surfaces and the subsequent dissolving of the removed uranium in aqueous of acidic
solutions. These operations do not themselves seloctively concentrate TRU or FP, but rather maintain the retative-
input concentrations of the constitucats of concern. Concentration of the constituents in total is realized a3 solvenits
are reused/recycled watil saturated.

. "The process used to recover uranium from solutions has been referred to as solution recovery, counter
current extraction, or solvent extraction and appears to be a variant of the Plutonium and Uranium Extraction
(PUREX) process developed for use at Hanford

In this process (Figure 2.2.3.)-2), wranyl solutions are fitst evaporated to increass the specific gravity, The
solution is then fad, slong with pitric acid, to an extraction column whete the uranyl ion is sclectively captured by 2
mixtute of tributyl phosphate (organic solvent) and Varsol {petroleum distiflate). Next, this mixture has the uranyl

. ion as a nmitrate sipped from it in a second (stripping) column with, deiomized water. The solvent solution is
recycled to the extraction column for reusc. The aqueous wanyl nitrate solution (product) is fcd 1o an evaporaton
where excess water is cvaporated. The dewatered solution is then fod to a calciner (rotary kiln) where it is denitrated
and further dried to produce U0, the final product, for storage, shipment, or fluctination to UFs. Waste from this
uranivm recovery process is principatly the depleted acid as raffinate from the extraction column.

I
[
[
[
[" 3,
[
§
[
[
[
[

TRUs in the uranyl solutions appear to follow the uraayl ions throughout all steps of the oxide formation
process. The winor amounts that accompany the raffinate are discussed later. Experimental data collected and
published by Walker (circa 1977) (Ref. 9) are as follows:

[
[
[
[
[
[
)

Process Step Tatal TRU B Np 9240 Py Pipy
Loaded solvent (dpmi/ml) 60,700 16,900 23,700 20,100
Stripped solvent (dpm/ml) 675 222 230 223
% stripped \ 98.89 98.69 99.03 £9.98

28
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Chemical Operator Cleaning wp UNH Solution at o Filter Table -

The *Tc appeats to take the opposite course, being highly soluble in both nitric acid and water, and
forming pertechnetic acid (HTcO,) (Ref. 10). This acid, however, is not stripped from the solvent and remains in
the waste raffinate. Whils quantitative data could not be found, the literature suggests that essentially all ®Tc enters
the raffinate streaim and that has been the assumption for this study.

Concentration of T, therefore, takes place in solution recavery in the form of the sludges and precipitates
formed from raffinate treatinent.

“Freatment of the ®Tc containing raffinate has evolved throughout the plant’s history from: (1) rudimentary
pH adjustment and discharge to the X-701B/east drainage ditch/Scioto River to (2) secondaty pH adjustment and
retention at the X-701B/east dminage ditch/Scioto River to (3) today’s configuration of extensive treatment via (a)
heavy ustals precipitation; (b) techretium ion exchange; and (¢) biodenitrification with discharge only to 4
penmitted waste water tieatment facility.

Concentration of ®T¢ has ocourred in: (1) soils surrounding the settling pond and drainage ditch (pre FY
1972), (2) shedges/precipitates occurring from neutralization with lime (FY 1972-FY 1984), and (3) heavy metals
neutralization sludge and spent jon exchange resins (since FY 1954}

2,232 Material Flowsheet

Utanium-bearing material forms aud flows into and out of the uranium recovery process, (inchuding oxide
generation) are shown as Figure 2.2.3.2-1.

Measurement of these streams has been en uneven process throughout the years covered by this study.
Table 2.2.3.2-1 presents the oxide outpuat flows to the extent that the information could be located in plant records

(Pef. 113,
Of principal concern with this urnium recovery facility is the *Tc content of the raffinate waste stream.

Other than spot samples taken during process wpset and discovery periods, representative sample data for operating
periods can not be found.
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Table 2.2.3.2-1

Uranium Recovery Production Data Summary

Fiscal Year Oxide kgU Produced Fiscal Year " Oxide kglU Produced
1956 726 1978 1105
1957 1313 1979 1758
1958 1233 1980 311
1959 1799 1981 1240
1960 ® cak%f:gucu o 1982 291
1961 1559 1983 1127
1962 2082 1984 88
1963 526 1985 592
1964 493 1986 | 926
1965 640 1987 1263
1966 508 1988 1330
1967 581 1989 561
1968 537 1990 640
1969 713 1991 64l
1570 875 1992 T
1971 1745 1993 167
1972 863 1994 399
1973 585 1995 125
1974 a7 “19% 328
1975 773 1997 456
1976 To20* 1998 333
1577 1069 1999 125++

TOTAL | 38,257
*15 months
**through March 1999

When *Tc was first detected in the X-701B (FY 1975), extensive sampling to quantify the ¥ Tc constituent
was indertaken. As part of the environmenial sampling prograt, monitoring of this stream has continued unabated
ever since. Amounts of Tc in this flow are shown in Table 2.5-1 (Ref. 12).

Itispostulamdﬂmthcbmtquauﬁﬁmﬁmuf”rcinﬁﬂswastcmnsistsnfthecharacteﬁzaﬁunﬂudics‘

performed on the sludges dredged from the X-701B. This environmental remediation captured a high percentage of
precipitated ®Tc compounds that were deposited prior to ceasing use of the X-701B facility in FY 1983. Three
hundred minety-one prams (g) of **Tc were measured in approximately 2.5 million pounds of sludge. Considering
that this studge contained 1,652 kglJ, *T¢ was concentrated here to 237 ppm on a uranium basis, Adding this to the
1,024 g for years prior to FY 1983 (Tablc 2.5-1) gives an estimate of 1,415 grams as the total ®Te eminating, from

the raffinates of wranium recovery. It should be noted that in addition to ™ Tc, 0.03 and 3.3 grams of Pu and Np

respectively, were measured in the ¥-701B sludge when it was charactcrized for LLW disposal. This serves to
confirm the imperfect performance of the solution recovery process ot the possibility fhat all TRU-containing
materials were not processed through recovery, These sludges are canently being shipped o Envirocare of Utah,
Inc.

3z
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2.2.3.3. Feed Specifications

Go-NoGo criteria for feed to uranjum recovery consisted in the past of utenium content (ppm) and
enrichment (% 2°U) nomograms derived from the valuc of the material and the cost to recover the umanium. A
typical example of this is given as Figure 2.2.3.3-1 Discard Criteria for Solutions (Ref. 13). Materials not meeting
the reclaim criteria were usually dumped to the X-701B through building drins. No record can be found of
consideration of cither TRU or FP concentrations as & criteria for feeding, It is suspected that most input streams
were never measured for cither TRU or FP. Current day operations also do not control inputs. Discharge through
building drains was discontinued ¢irca 1984
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2.2.3.4. Product Specifications
Product from \anium recovery consists of fully dried and denitrated UsOg. No attempt was made io

control purity, TRU/FF coatent, etc. Levels of denitrification and dehydration are controlled by feed rate to the
rotary kiln to produce & product at a prescribed color and dryness baged on experience. :

2.2.3.5. Opevating History

— T——

T e
i e

et

St e L g ’ 3 3
AT

"X-701B Uranium Precipitation Pand

The sotution recovery system was tumed over to GAT on August 3, 1955 and began producing production
1956. While many improvements for operational efficiency and safety (especially
been made over the life of the facility, the primary process of solvent
remained unchanged. Decontamination chemicals (boric acid, sodium
etc.) have been introduced to enhance decontamination efficiency and/or
atally friendly technologies during the precursor steps in the process. Major modifications or

operational changes to the effluent (raffinate) treatment occurred as follows:

1, In 1972, the precipitation of uranium in the X-7018 was enhanced by the addition of facilities to
feed slaked lime and photoclectrolyte proportional to the influcnt mate. This raised the influent
stream pH to about 3 in order to promote pmcigitation of uranium, (This would have also
enhanced the precipitation of Np and Pu and some ™ Tc compounds).

2. Once or twice each year, the pond was dredged or sludge pumped to containment ponds elevated
above and alongside the settling pond.

3. The east containment pond held the dredgings from 1973 through 1980. The west containment
pond held the dredzings from 1980 {01984

4, During 1984, the discharge of raffinate to X-701E was permanently suspended with the startup of

the heavy metals recipitation process (X-703),
biodenitrification process (X-=700).

%Tc jon exchange process (X-705), and the

35

@o4z



10/20/00 FRI 10:30_FAX 00 @043

- 5, The X-701B and the two companion containment ponds were dredged with their contents and
- ghout one foot of bottom soil being containerized and characterized for disposal as LLW.
Shipment of these soils to Envirocare of Utah, Inc. is I, Progress.

r ‘Ihcpeakyearufopg:ratiunmnﬁdinl"(lQGOwhcnthisﬁlcﬂitypmccssmiucaﬂyEMrUpmbahly
. predominately from solutions generated from the first process change-out program. Average production rates were
approximately 0.9 MIU per year over the life of the facility, Total production of UsOy for the approximately 44
e years of operation through March 1999 was about 38.2 MTU. Highliphts of the operation include sustxined high
r levels of throughput during the period FY 1974 through FY 1983, much of which was in support of the sccond
' diffusion process change-out known, as the Cascade Improvement Propram/Cascade Uprating Program (CIEF/CUF).
pi—

2,236 Currcnt Status

Uranium recovery remains in service to support ongoing cforts of USEC to maintain the gascous diffusion
plant operation. Extensive revisions to puclear criticality safety driven procedures have been made and other
changes have been initiated in support of Technical Safety Requirements of the NRC-USEC license,

224 Oxide Conversion

2.2.4.1 Plant Pescription

- The oxide conversion facility is located in “E”, *F~, and “FI” arcas of X-705. It was supplied as part of the

odginalplanthuﬁpmmtmmpﬁmmtandmdmiyadtohmhﬂcgmlpm of the uraniom recovery procsss (See
Figure 2.2.3.1-1). Over time, this facility developed a somewhat unique mission and st of operating streams and as
such is dealt with separately for this report, :

To be uged as fead to the paseous diffusion process, yranium oxides originating from a waricty of
operations (both on-site and off) mmst be converted (fluoripated) to UFs. ‘This process of fluorination was eriginally
petformed at PORTS in & system of three parallel, horizontal, screw-fed, stirred-bed reactors, In these reactors,
Us0% was teactad with fluorine to form UF, which was cold trapped in chilled 5" cylinders. Little is kmown abowt
this early system other than the fact that it was pnrelizble and had inadequate production capabilities. In 1959 the
stirred-bod reactors were replaced with a site-developed 4” diameter open flame tower using direct finorination.
Stated capacity of the system was 7,200 kgU/yr output as UFs. _

n pid-1965, AEC approved a project to upgrads the oxide conversion facility to achieve a production
capability of 20,000 kgUfyr as UFs in support of its designation of PORTS as the processor of uranium scrap >10%
enrichment for the DOE complex. The upgrads was accomplished in 1966 and 1967 end consisted of installing &
significantly improved 57 flame tower, an improved feed system, nuim;mwdpmduqtﬂlmingmdwiﬂldmwal

nveylE
‘ . Where release of dusty powders might be expected, gloveboxes were
installed. A pictorial diagram of the fluorination process is shown as Figure 2.2.4.1-1. A more detailed description
of the prooess and its history are available in Ref. 14.

Thcprmsmrkndasfoﬂows:o:ddﬁwmt‘odMthetupufthcﬂamcmwwhmthcyfdlbygmvity
through a fuorine jet. Unhxmod(unreactad)oxidemdsumeimpuriﬁmwwldfaﬂmmthcashpotbclowthcmwcr
where, on 2 batch basis, the ash would normally be remaoved, ground and refed to the wop of the lower. UF,
gcnmtcdiuthctowérwnuldpassthmughasintcmdmctslﬁltcrtnmmmparﬂmdatcsnndtlmnthmughaMng
trap for sorption of certain impurities. ,
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‘ Gaseous UF,; was condensed in cold traps with liquid UF, drained by gravity to 5", 87, 127, or 2-1/2-ton
cylinders. Off gases from the cold traps were passed (hrongh NaF traps to remove remaining minor amounts of UFs
prior to gjection through a monitored vent.

In theory, TRU/FP's fied to this process take the following paths: Pu oxide formed gaseous PuFs in the flame tower
should quickly become solid PuFq due to spontancous dissociation and fall put in the tower ash or be filtered by the
cintered metal filter (filter ash). Fluorinated Np will be gorbed on the MgF, trap. Technetium is generaily not
expected in the feed. If it was present, it would be easily fluotinated, sorbed on the MgFz or NaF traps or be vented.
Based on these assumptions, Pu should concentrate ity the tower ash and filter ash. Np should concentrate on MgF,.

S Owas Conversion Oylinder Fill Positions

The *Te will not be a factor except in the vent. Product cylinders should contain only trace amounts of TRU/FF's.
In reality, Pu and Np both arc found to be concentrated (based on uranium feed) from titae to time in tower and filter
ashes, Mgh, trapping media, and in UFs product cylinders, Based on sample analysis data (Ref. 15), it appears that
concentrations of constitoents of concern in the waste and product streams are highty dependent on the degree of ash
recycle, the in-service life of the trap media, as well as the constituent concentrations in the oxide feed, Pethaps
operating pararacters such as tower temperature also influsnce these concentrations. While a detailed parametric
amalysis of all variables could not be found, an analysis based on TRU sample data from a May 1976 mn involving
TRU material received from NLO pives insight into the distribution of constitusnts. Table 2.2.4,1-1 shows some of
this data.
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Table 2.2.4.1-1

Material Balance of Transuranics in Oxide Conversion During May 1976

U mi“m ”’N p :HP“ ) ﬂ’Pu MIPu
Gl @ (ug) ) (ug)
Input Oxide : 3241 1.133 96.3 13510 231

Output

Fruceas Step

Solution 6.7 0.003403 0.5 ‘ 196 0.7
Filter Ash 0.9 0.1419 212 5152 28
‘Tower Al 14,2 00112 22 344 31
Onxide , -5 | 0.0034 09 84 13
Sodium Fluoride (NaF) as 0,0118 0.1 M L

Totals 310 0.1717 24.9 5810 13.9
%% Ontput/Input ‘ 0.96 15.2 258 43.0 6.0

% In product Cylinders (max) 99 848 742 57.0 94.0

From this limited dats (UFg output and MgF; holdup were nat analyzed), it can be seen that as much as
85% of the 2"Np and 57% of the ZPu may be present in the UFs product cylinders. OF that not in the UFy product,
the filter ash is seen to contain the majority of the TRU constituents (12.5% of Z'Np apd 38% of ®*Pu). The
concentrating effect of these streams relative to input oranium concentration is iltustrated in Table 2.2.4.1-2.

TRY Concentration Factors from Table 2.24.1-1

SNp ‘Concentration Dipy Concentration
(e/e0) | Factor ("'Np) (=/e0) Factor (**Pa)
Input Oxide 35x107 Base ' 42x10° _Base
1 Filter Ash 16x10™ 451 5.7x10° 1375
Tower Ash 7.6 x 107 2.2 23x10% 5.6
HNaF 34 x10° 97 9.7x10” 2.3

Process Step

"The filter ash for this case is seen to have concentrated the ®'Np by 451 times and the “*Pu by 1,375 times
relative to the levels in the uranium fed to the facility,

Analysis of filter ash remaining on site and snalyzod as part of the HEU removal characterization studies
showed average concentrations of: 1.9 x 10 and 3.3 x 10° g/gU, respectively, and peak concentrations of 3.9 x
10™ and 5.8 x 10° g/glU respoctively, of Z"Np and “*Pu which arc reasonably close to those in the NLO material
balance smdy.

‘ Asarcsultofthcscdmmﬂuxidcmmmianpmccssismnsidcrcdasrcmovingaﬂm 15%of”’Ni:and ‘
43% of 7Py,
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2.2.4.2. Material Flowshect |
Uranium bearing material flows through the oxide conversion process are showi in Figwme 2.2.4.2-1.

Apcurate quamiﬁmﬁmmmrdsofwmmmshaﬁbemmmwmprmmshmmcﬁfa of the
. facility. Teble 2.2.4.2-1 presents the UFs produced from oxide based on information avaitabie ia plant records (Ref.

11).
Table 2.2.4.2-1
Oxide Conversion Production Patz Summary
A L U¥F Produced ¥ Produced
r Fi":‘wm kgl . “ﬂmYﬂ? e kel
1958 2,795 1967 )

1959 1,425 1968 6,622

1960 837 1969 20,257
1961 1,170 1970 7,712
1962 £66 1971 1,580

1963 497 1972 48,550

1964 978 1973 51,344

1965 4,085 1974 16,650

1966 4,095 1975 22,515

Total Old System 17,698 1976 (5 Quarters) 28,710
1977 T.R06

1978 3,252

: Total New System : 215,398

" Total Life of Facility - 233,096 kpgUmr UFg 7 - s :
Of principal concern with this facility is the TRU content of the foed stocks and their concentration in the

- Sipgnificant amounts of TRU materials w:mknuwntohavchccnpmmedmuingm: two periods shown in
Table 2.2.4.2-2 (Bef. 16). ‘

Table 2.2.4.2-2

- . -] Quantity Origin at 1 " Probable Total Alpha from
Period of Operation Processed - o TRU '
‘ x kU . Material. | dpm/pl
Jan -Feb. 1974 1373 ICEF <2000
Tan. & May 1976 4214 . NLO <3000

There was 8 significant amount of TRIV/EP (6847 kgU) nsm{caldmdto U,0; in the oxide COmVCrston
mlcimrduﬂngMamh-Dmmbcr 1977, mmﬂmmwmdmwsatmkﬁandwasm

shipped to NLO.
Side streams from the prooess wers goncrally treated s follows:

1. Tawer Ash: Recycle to tower BS foed as soon as possible after grnetion

40



10720700

FRI 10:32 FAX 00

FIGURE 2.2.4.2-1
OXIDE_CONVERSION FLOW SHEET
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2. Filter Ash: Some nuknown (possibly minor) amounts were dipested at wranivm recovery to create
U0 for a second attempt at cottversion 1o UFe. The filter ash that remains on-site is gtored in the
X-326 “L~ Cage. Partial contents of the amount remaining ave shown in Table 2.2.4.2-3.

recovery. There remains on site 2 quantity of Mgl; that, in parf, may have been generated from oxide conversion.
Quantification of this stream is to be determined.
Table 2.2.4.2-3

Filter Ash (Partial Contents) Stoved in X-326 “L” Cage

r 3. Magnesinm Fluoride: There ate indications that some of this material may have been leached at urnium

Canshtuent [ B Quantrty(g} -
Filter Ash 40,725 -
Uraninm . 3,007

By 1,233
2INp 0.563
2390y © 0010

[
g
]
-
[
[
[
[
[
[

1
[- 4, Sodium Fluorde: The facility was designed to regenerate the NaF waps through in-place heating
. and vaporization of sorbed uranium. Regencrated UFs would be introduced into the inlet of the
cold traps, condensed, and drained into UFs cylinders. After several regeneration cycles, the NaF
r ‘ loses its absorption capability and must be replaced. This depletedfremoved trap media may
) contain TRU. Also, whenever inventory of the system was required, usually monthly, the NaF
fl"*.
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was removed and the tranium leached, measured, and reintroduced into the wanium recovery
process, if economical. The TRU on the media may accompany the media ot be leached with the
uraniwn  Depleted/icached media was containcrized, the cans placed into site-prepared wooden
boxes with void spaces filled with lime, and the boxes were buried at the X-749A landfill.

r 2.2.4.3, Feed Specifications

Feed to oxide conversion originated from both on-site and off-site sources. A specification for material

r; originating from on-site could not be found, It is probable that if the oxide was of an enrichment level

. corresponding to a planned production camypaign, it was considered an acceptable feed stock. The facility was

opatated to minimize assay mixing losses and, as such, quantitics of materials at desired entichients became the

criteria for feeding. It is probable that materials oripinating on-sits were seldom, if ever, fully analyzed except for

uranjum and *U content. Materials originating off-site were required to satisfy: “Feed Specification for U-235
Enriched Uranium Retumed to AEC™ (Ref. 17).

Since the UFs produced in oxide conversion was destined to be fed to the diffusion cascade, sperific limits
were placed on many parameters (usually metals) that would result in out-of-specification product from the diffusion
cascade (nuclear poisons, etc.). Total TRU limits were expressed as total alpha activity from TRU and from the
earliest days of the scrap retums program were set at 1,500 dpnv/gU, Deviations from, the acceptance specification
were numerous thronghout the life of the scrap program. “These deviations were primarily due to excessive amounts
of various non-TRU metals. Numerous letters accompany the transaction records prescribing minimal monetary
penalties in an effort to indemnify AEC for cost of dealing with off-specification materials. No examples, however,
of deviations for TRU with accompanying penalties were found. There was substantial cormespondence between
AEC site managers or opersting contractors discussing capabilities to accept varions forms and levels of TRU.
Materials from NLO were knowingly accepted in the FY 1975 - FY 1976 timeframe with gross alpha from TRU
{evels up to 3,000 dpm (Ref. 18).

JUR v ;
Chemical Operator Intro

2.2.4.4 Product Specification

No formal specification existed covering the production of UF from oxide comversion. As stated earlier,
impurities in product became an issue in-as-much as-they would impact the cascade and its prodact. Sinoce this UFs
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wouldultimétx;lybcblcndodinthc cascade with a large amount of other feed stocks, timing and scheduling fts
feeding to the cascads could frequently mitigate any adverse contaminates, Materials unable to be fed to the cascade
were produced at oxide conversion and were still present at the suspension of HEU production in 1991.

22.4.5 Operating History

A significapt event timeline and & detailed explanation of oxide conversion's history are svailable in
Feference 14, In summary, the facility operated from 1957 to 1978, It produced about 233 MTU of UF; from
materials originating from at beast 47 feed sources. It is known that 5.6 MIT of feed contained TRU's. Operations
were terminated when it became apparent that the existing facility could not meet current standards for containment
&5 manifested in high Jevels of aitborne contamination. Additional efforts to modernize, renovate, or replace the
Eacility were tenninated for the last time in Yuly 1981 when cost estimates to provide this capability at PORTS
indicated peohitdtively high costs.

2.24.6 Corrent Statuy

Attention 1o this facility since shutdown has boen limited {0 custodial activities that assure it remaing safe
and ssaure. The facility is locked to prevent spread of transferable contamination. Minor amounts of contamination
remain internal to the gystem. There currently arc no known funded plans for Decontamination and
Deconurnissioning (1&12) of this facility.

2.2% Other Uranium Handling Facilities

Other wranivm handling facilities are X=710 Technical Services Building (laboratory), X-760 Chemical
Engincering Building, X-744G Bulk Storage Warchouss (uranium storage warchouse), X-345 Special Nuclear
Materials (SNM) Storage Building, and X-745 Cylinder Storage Yards.

1. X+710 Technical Services Building

The X-710 Laboratory was part of the original plant Eacilities. With respcct 1o praniom,
the primary analytical capabilities of the laboratories are;

a Isatopic analysis (mass spectrometry) for foed and product;

b. Uranium purity (Davies Grey, wet chemistry);

€. Motallic impurities (ICF, epectral analysis),

d. Radiolagical analysis (radiochemistry, alpha, beta, gamma, counting); and
€. Sample preparation and waste handling processes for all of the above.

For this report, quantities processed were considersd small with minimal likelihood of
concentration.

Devctupmcntofpmoesscsandpmwdtmforplantumhasbeenmimagmlpanofthis
facility’s mission for most of its life. Thexe were g mytiad of experiments that involved TRU and
FP that potentially separated or concentrated these constituents. These development activities
involved minot/trace amounts of these elementsfisotopes. For this report, no attempt to quantfy
these is made. The likelifiood of relevance to the site mass balance is low, but not zero.

@os1
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X760 Chemical Engineering Building

. The X-760 Chemical Enginsering Building had, as its mission, the pilot-scale
development work on new chemical processes prior 1o of in aid of plant deployment. This facility
had a small process Iaboratory, a small machine/fabrication shop, a worker change/shower area,
and essentially all plantsite uiilitics. Early development projects, including decontammnation
process experiments, boiling freon heat exchanger experiments, UFs heating. studics, uranium
oxide pelletizing experiments, freon drying tests, and controlled UFs rcleases in a sealed
emvironmental chamber, were conducted in this facility. Most relevant for this study is the
prototype developrent work on what is referred to in reports as the fiuorox process. This (what
appears to be) fluorination tower may have been prototypical or a developmental aid cither for the
UF, feed manufacturing facility (X-344) or the oxide conversion fluorination system (X-705).
Records show that 0,86 MTU of UF,, 0.4 MTU of U0, and 3.3 MTU of UQ, werc received from
K-25 in 1957 and classified as recycled yramiym for rescarch and development studies. The final
disposiﬁouofthismﬂ:ﬁalmuldnotbcdﬂcrmimd. It is likely that any matedals converted to
Ustercfedmmcmsmda,mdthatmmnvmcdmataiﬂs were cotverted to UF, during eardy
oxide comvetsion X-70%5 opcrations (probably afier 1962). The provenance of the TRU/FP

.constituents can only be speculated upon, Ash and trapping media disposition records can not be

located.
X-744G Bulk Storage Warchouss

The X-744G was one of the earliest facilities constructed at PORTS. I was the Feter

Kiewit (prime construction contractor) pipe fabrication facility. Here, process piping asscblies

were fabricated for cascade and utilities. Interior surfaces of the process piping were also

in this facility using organic solvents. Later through most of the early years of plant

operation, the building scrved as the non-UF; and small cylinder UFg storage arsa.  Overflow

materials from X-705 (solutions, UNH, oxides, €fc.) were also stored here.  Sequrity systems
provided protection for HEU matedials.

With the advent of the wraghum scrap relum program (circa 1966), X-244G was
dosipnated as the sorap stumgcwarchnuscmdocnmlmmivingfacﬂity. Here oxidas, UNH, and
maﬂqﬁndﬂsnfmgwmoﬁ-lmdedﬁomﬁan@uﬂ, with non-UFs containers opened and
gampled (usually in 8 hood or glovebox), and placed on shelves or in holders for stormage and
future conversion at X-705. Materials not meeting acocptance criteria were packaged and shipped
from this facility. After cessation of oxide corversion operations, the facility remained in gervice
for storage of all oxides until X-345 was placed in service to store HEU matedials. Throughout the

@os52

life of this facility, no concentrating operations could be detenmined  There was, howcver,

significant material throughput with opportanity for worker interaction.

This facility currently supports the DOE PORTS Uraniom Management Center activitics.
Quantitics of matcrials pontainhgmﬂmbdngﬂorﬁdhcmaspaﬂofﬂﬂsmgmm These
materials were received after the March 1999 timeframe and, as such, arc outside of scope for this
report, This facility, over time, has also been the center for other activitics on a shared basis such
as slyminwm smelting, waste sorting, etc. None of these activities arc considered as relevant to
this report.

X-345 Special Nuclear Materials Storage Building

X-345 was constructed, circa 1978, and was basically designed to fill the mission of X~

744G for storage of HEU materials but in the more sccure environment. An additional mission,

nddedaﬁ:tmiﬁalmmuucﬁomwasmcmﬁngofmumsmﬂ&amqundmuﬁng
autoclaves.
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X-745 Cylinder Storage Yards

X.745 yards (a through b) are the eight UF, cylinder storage yards that exist or have
existed at PORTS. These yards, dt any one time, constitute the majority of the wranium materials
at PORTS and contain UFg not in process or not shipped (e, feed, product and tails), The
depleted UF; storage arcas are of particular interest due to the buildup of natirally occurring
uraniom daughter products. Breaching of ¢ylinders due to mechanical failures has occurred.
There dre no known ¢ases of these breechings occurting in cylinders containing REJ.

The repeated filling of UFs cylinders that contain RU heels without washing/removing
the nonvolatile heel from the cylinder has the effect of concentrating TRU and FP in the heel. The
degree 10 which the constituents concentrate depends primarily on the amounts added with each
filling and the fraction remaved through feeding. While the exact fraction remaved is probably
highly variable, it is assurned for this study to be as shown in Table 2.2.5-1.

Table 2.2.51

Pemtnhgt: of TRU/FP Removed from Cylinders During Feeding

Constituent Hemoval Fraction With Each Feeding
Z'Np 25% (Ref. 2)
py 0,1% (Ref. 2)
#Te¢ 90% (Ref. 19)

. It is known that karge pumbers of 2-1/2 and 10<ton cylinders were filled with RU off-site
(FGDF, ORGDP) aud fed at PORTS. Thess cylinders were cither returned emupty or filled with
non-TRU (tails) and sent back. The potential exists for several such cycles to have been made on
some cylinders either with or without RU before they were cleaned, or, they never have been
cleaned and the TRU heel remains. The exact provenance of several of these cylinders remains to
be deteentined.

Three cylinders are suspected to have been filled at PGDP with RU and fed to the
PORTS cascade @ total of four times without benefit of washing. The following example and
Table 2.2.5-2 demonstrates how the quantitics and concentrations of constituents tnight have

progressed prior to cylinder washing:

Example: the data are based on a 2-1/2 ton cylinder, 4,550 pounds of UFs. 1,400 kgl of
RU, volatile cylinder heel after each emptying ~ 13 pownds of UFg, or 4 kU,

, Upon washing the ¢ylinder after the fourth cycle, some 0.7 grams of TNp, 0.022 grams
of PPy, and 1,09 grams of **Tc would be in the wash solutions, These constituents would

“now be 172 (Mp), 5.565 (Pu), and 272 c) times more concentrated with respect to uranium.

This build-up would be even more profound with 10-ton cylinders.

1f an interplant RU cylinder was filled with diffusion plant product destined for feoding
without first removing the RU heel, s small additional quantity of TRU/FF would be fed to the
PORTS cascade according to the removal fraction of Table 2.2.5-1.  Analysis of samples of
Paducah product from 1974 and 1976 showed less than detectable levels of TR (Ref. 20). The
capability to clean large (2-1/2, 10, 14-ton) cylinders was established through facility
modifications made citca 1970, For this study, no TRU/FP is considered to have entered the
PORTS site from clearing of imerplant RU cylinders.
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‘Table 2.2.5-2
~ Concentrating Effect When RU Cylinders with Hecls are Refilled and Fed Prior to Cylinder
Cleaning
Step Cycle TRp pa Bt
Grams | Cone. (ppm) |_Grams | Conc. (ppb) | Grams Conc. (ppm)
1 |After 1* 6ill 0336 024 0.0056 400 | 980 7.00
2 |Afier 1" empty | 0.252 63 0.0056 1,399 0.9% 245
3 |Afer 2™ fill 0.588 0.42 00111 7.96 10.78 1.70
4 |Afer2™ empty| 0.441 110 | _¢.olll 2,772 1.08 270
s |After 37 Yl 0777 0.56 0.0167 1193 10.8% 7.77
6 |After 3 empty | 0.583 146 0.0167 4,171 1.09 272
7 |Afier 4™ £ill 0919 0.66 0,0223 15.93 10.89 7.78
8 |Afer 4% empty | 0.689 172 0.0223 5,569 1.09 272

Small diametet cylinders (5°, 8", and 127) were uscd at PORTS to contain UF, (usually HEL)
from X-70% oxide conversion. Specific cylinders were used for this flow and were sclected for use based
on uranium assay of last use g0 as to minimize mixing losses with the heel. Since on at Jeast two known
occasions oxide conversion was known to produce UF, from oxides containing clevated TRU levels, the
UF, produced is considered to contain TRI's. The small Gameter cylindets used for this production may
have been used several times without cleaning. Tt is probable that concentrating of D9py and *'Np taok
place in these cylinders. Records to corroborate this have tiot been found, other than records noting the
presence of TRU contamination at the facility.” There were records of small diameter eylinders being
cleaned in about the comrect timeframes, but records of specifie cylinder pumbers cleaned have not been
found.

Recent {circa 1999) cylinder cleaning activitics for the HEU Befised Program involved some of
these same saall diameter cylinders. A discussion of this is included in Section 5.5, Also, implications
from the assessment of Np behavior withlmpassivatcdsuxfncmsuggcﬁsamtﬁmUﬁodmmthc
cascade with pickel or monel cylinders than with steel. Thiz would serve to reduce the impact st cylinder
washing and increase the impact on the cascade. '

Several gmall diameter UFs cylinders containing HEU RU were received at PORTS from offsite
sources {France, NUMEC, Department of International Affairs, Babcock & Wilcox (B&W), and United
States Atomic Energy Commission Safeguands and Security (USAEC 5&5)}. The majority of this material

@054

was only recently fed (circa 1997) to the cascade, and the cylinders with hoels were either cleaned in X705 '

or sent to Nuclear Fuel Services (NFS) for cleaning. Solutions generated from the reccut cleanings in X-
705 appear not to have ever been amalyzed for TRU. Due to X-705 opcrational problems, the majority of
these solutions (blended down to <5% enrichment) appear to never have been processed and remain in

storage. If warranted, they could be sampled and analyzed to asocriain TRU content.  The disposition of
the cylinders sent to NFS and their solutions v unknown

226 Intrafaclity Flow of TRU/FP Constituents
. QOpportunities for cross flow or cross contamination betwects various streams are worthy of mention.
Examjes are: ‘
1. Dissolved oxide conversion filter ash reintroduced into uranium reeovery,
1 Dissotved ash from personal protective equipment (FFPE) and other incinerated burnables, and

subscquently, introduced into urdnivm FECOVETY,
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3. X-705 ﬁu_lution mﬁnplc:xing to aid recovery of uranium from NaF with the use of nll.imina, and
“processing through weanivn recovery;

4, Field decontamination solutions originating from TRU contaminxted equipment being processed
'through uraninm recovery; and ‘

5. Wastes generated from laboratory operations involving TRU being introduced into uranium

Any of these intermittent batch operations, as well as perhaps others, could have caused R to appearat a
time other than when EU operations were known to have ocourred.  The overall sffect of these flows would
primarily be a glight, but mquantified, increase of chances for personncl exposure.

2.3 Activity Summaries (concentrating processes and other gite specific issnes refated to processing and
plants) '

The following table summarizes concentrating processes and site specific issues for PORTS.

Table 2.3-1

Concentrating Processes st PORTS

Concentrating Process/Location, Dates of Operation , Comment
Opetation otly on non-RIF (virgin) mararial

X344 1JF, — UF,; Tower Ash 5/58 —2/62 (n 1 )

. Operation only on non-RU (virgin) ssterial
X-344 UFE, — UFg Filter Ash 5158 - 2/62 (@ 1 )

TRU's knioswn 1o be processed Jan /Feb. 1974 —
X-705 U0y — UFs Tower Ash 257971 ICPP, and Jan_& May 1976 ~NLO
. ' TRU’s known to be processed Jan fFeb. 1974 —
X-~705 U300 — UF, Filter Ash WSTUWTT ICFP, and Yan. & May 1976 ~NLO
GDP Cascade Operations Entire Period RU constituents concentrated at feed points
GDP Cascade Operations Pre 1975 Concentrated *Tc in purge cells
X-326 MgF; ™Tc Traps After 1975 Successfully remaved ™ Tc in top of cascade
X-701B Settling/Treatment Pond Before 1984 Collected *Te ftom X705 solution recovery
*Tc from X-705 soluti
X-705 Heavy Metals Precipitation 1984 and afler ﬂﬁm ¢ from X-705 solution
_ Site Specific Issues '
: 1.1 MTU French
HEU refeed of BU-UF 1/97 - 6/98 0.3 MTU NUMEC
Side Purge Fire 12/9% Possible involvement with TRU materials
48
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24 Activities where workers were Likely to be in contact with recycled uraniom through direct physical
contxet or airborne dust.

Table 2.4.1 sumnwrizes activities where workers were likely to have been in contact with RU through
direct physical contact or aitborne dust at PORTS.

Table 2.4-1

Activities at PFORTS Where Worlkers Were Most Lilely to Contact RU

Activity Comment TRU/FP
Oxide Sampling (X-744G) Done in hood TRU
Oxide Analysis (X-710) Generafly done in hood TRU
Removal and disassembly of cascade ' - .
equi ¢ near TRU feednoints In process building and X-705 high bay TR
Oxide Conversion Operation (X-703) High airborne uranium levels TRU
Oxide Conversion, Maintenance (X-705) Filter handling for ash clean—out, ash handling TRU
MgF: and Alumina Trap Change-out and :
Media Handling (X-326) Maybe HE) removal issuc FP
X-701B Sludge Handling Pond sludge material to Envirocare FF
X705 Heavy Metals Precipitation Handling | Shipped to Envirocane FP

15 Activities that cansed reportable environmental releases of recycled uraniom constitnents

@056

“The onily record of teported environmental relcases of TRU elements ocourred betweon October 1976 gnd

March 1977. One sample sbove the minimm detection limit (MDL) was detected in the ouifall from X-701B, A

. concentration of Np and Pu of 3.7 x 10™* uCi/m) was measured which is just slightly above the MDL (at that time) of

2.3 x 10® uCifml. Activitics ongoing on or before this time were récovery of uranium solutions and fluorination of
oxides that later were discovered to have TRU constituents. Specific containers and sources of specific TRU
constituents could not be accurately determined due to timing and cross flow anomalies. H is speculated that the
source was the NLO qxides processed in Jan /May 1576.

Measurable and reported quantities of Tc released to the environment have oocurred since initial

recognition of the conssraas shown in Table 2.5-1.

Asdisawmdcaﬂiuhﬂﬁsmppmmuacﬁviﬁcsmuldnginmfamwmcrmlmmmthns:assodatadwith
recovery of uranium in X-705 and any episodes where solutions may have bypassed uranfum recovery.  Since
uranhum recovery processed materials generated from a myriad of internal plant sources Qarpge and small garts

 gleaning, cylinder cleaning, field decontamination. €1c.), the atrribution to each source is somewhat speculative. The

vast ajority -of these surface water releases are, however, felt 1o have originated from large parts (tunnel)

operations where cascade equipment (especially converters) involved in CIP/CUP was processed.

Airbome releases of PTc are felt to be predominanily attributable to cascade purging operations (top and
gide) when trap media became saturated or when trap media were ineffective due to extremely low concentrations of
.

Eavirenmental monitoring, for TRU/FP appeats to have been largely noncxistent prior to the mid 1970°%
Beginning with the discovery of *Tc in the gast drainage ditch (outfalt 001) during the first quarter of FY 1975,
sampling activitics ramped up significantly. Since that discovery, and continuing untif 1995, annual eavironmental
reports have been issned that:quantify T releases and report any detoction of TRU.  Monitoring of air and water
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were mdmmn@doduﬁnghothﬁxndsmnpﬁngmnwﬁndmg!Mcgmb samnples. Initially, all gurface
water sampling was manual. Current systems ate capable of either time propertional or flow proportional sampling.

Current outfall sampling is done on & continuous basis, with seven day composites analyzed for gross
alpha, beta, uranium, and *Te. ‘ &

___ Air monitoring has taken & similar evolutionary course. As part of the original complement of equipment,
ionization chamber instruments (space recorders) were installed on cascade vents for detecting UF; releases. These
later served to also detect the proscnce of T in-as-much as the equipment would become dysfunctional in fhe
presence of *Tc due to a rapid buildup in background radiation reading. A continuous sampling system installed
(dmm‘ g FYé:illﬁtalm mﬂﬁal Pproparti “o;rmfh:amplﬂ =s snd passes the gasmﬂzmugh‘ small calibrated alumina traps, Weekly
or more o an y oocurs), wening is changed out counted using radiochemistry techniques
wranium, T, and **Te. Data from this process takes as fong as two weeks to receive, but is filt to be mmamgg
for quantifying teleases,

There are no fecords (cavironmental or otherwise) of reportable levels of TRU (P'Np and 2°Pu) ever
baving been released from any of the facilities at PORTS. ,

Table 2.5-1

‘ Annyal Releases of PTc
Fiscal Year - .
- nf;“;‘é;; To Alr (CD) | Total (CY) %;‘;f;‘fm To Air (k) | Totat (kg)
1575 775 775 E; 43
1976 19.1 19.1 1.1 1.1
1977 310 43 35.5 1819 0264 7083
1578 177 0823 15523 1039 0.048 1,087
1975 2.790° 0.170 3.96 0.164 0.010 0.174
1980 7.940 0.210 7.95 0.454 0.012 0.467
1981 54720 0.108 74.828 L1451 0.006 1457
1953 11840 11,100 22.94 0.695 0.651 1346
1983 2.990 0.561 3.551 0.175 0.033 0.208
1984 9.340 0.127 9.467 0.548 0.007 0.556
1985 8450 0.133 8573 0496 0.007 0.503
1936 2.480 - 0122 2.602 0.146 0.007 0.153
1937 i 1.220 0,169 . 1,389 0.072 D010 0.082 |
1988 087 0.162 1032 0.051 0.010 0.061
1989 0.450 0.096 0.576 0.028 0.006 0.034
1990 1.350 0.049 | 1399 0.079 0.003 0.082
1991 0.330 0.044 0.374 0.019 0.003 0.022
1592 0210 1.230 144 0.012 0.072 0.085
1993 - 0580 7.830 £.41 0.034 0.459 0.494
1994 _ | 0167 0.122 0.289 0.010 0.007 0.017
1995 - 0.0147 0.0147 0.001 0.001
TOTAL 371 28 249 12,98 L62 146
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3. RECYCLED URANITUM MAsS FLOW

31 Uranium Recycle Description

A diagram to illustrate the RU material mass flow at PORTS is shown in Figure 3.1-1. The total quantity
received from each source and the total quantity shipped to each receiver are shown, The center of the diagraun

. rqmscntsﬂwswcmlprmscsﬂwRUmatuialmayhawmsmdmmughaﬁcrmmiﬁ. ‘There is 2 large difference

between the quantity received and the quantity shipped. This differance is dus to the diluting nature of the processes
at PORTS. When RU is fed to the cascade, the quantity fod is only a small fraction of the total amount of uranium
present in the cascade. Onee fod, the RU is mixed with the other mategial already present, and can bo longer be
tracked bassd upoa the original uranivm content. FEach constitusnt iz separated from the original wraninm und
follows a different path through the PORTS cascade and other facilities. Therefore, FORTS tracks RU only until it
loses it’s tmique identity; from that point, PORTS tracks each coustituent of TRU and *Tc indtvidualty 1o show the
constituents” mass flow and o perform a mass balance. - ‘

Recycled uranivm was first introduced at PORTS in FY 1955 as UF, feed manufactured at Padocah from
U0, recsived from Hanford (FIRT) and Savannah River (SRT) reactor tails. Also in FY 1955 PPF was provided for
PORTS feed. The PPF was contaminated with “Tc at an estimated 1 ppra (Ref. 2). The foed manufactured from
HRT/SRT oxids was contaminated with Np, Fu, and ®T¢ at an estimated 0.24 ppm, 4 ppb, and 7 ppm, respectively,
prior to FY 1967 and 0.09 ppm, 2.2 ppb, and 7 ppm, respectively, thereafier (Ref. 2).

To illustrate and track the movement of RU, TRU and *Tc through PORTS, four campaigns which cover
21! significant events at PORTS from startup in FY 1955 throngh March 31, 1999 werc developed.  Each campaign
addrcssmaspcdﬁcg;mupingufmmmsmciﬁcﬁm:peﬁnd,

‘ The Depleted Reactor Tails - Campaign #1 (Figure 3.1-2), addresses feed manufactured from HRT/SRT
oxide and PPE from FY 1955 through FY 1967. The Depleted Reactor Tails — Campaign #2 (Figure 3.1-3)
addresses feed mamdfactired from HRT/SRT oxide and PPF from FY 1968 through March 31, 1999, Note: The
vars which extend beyond FY' 1978 arc assumed to remain constant through March 1999. The Non-UFs RU
Program ~ Campaign #3 (Figure 3.1-4) deals with RU of all forms of uranium gt PORTS other than UF,. These
campaigns do not include 4.6 MTU of non-UF, potentially utilized for development activitics in FY 1957. The
remaining RU s captured in the UF; feed as Miscellancous Cascade Feed - Catapaign #4 (Figure 3.1-5).

Eachmnpuigushomwhatisknown,csﬁmamdurmjedmdmgardiugﬂu Each figwe identifies the
source of the RU, year(s) roceived at PORTS, quantity of RU, which process(es) the RU, TRU and Tc passed
through, and when the material was shipped from PORTS. Si ificant events that occurred during the peried are
shown., This method allows for & tabulation of the TRU and c by year to provide a year<nd inventory, and
estabilishes the RU constituent inventoty as of March 3], 1999,

spproximately 527 MTU of feed panufactured from HRT/SRT éxide was received. This uaterial is

bave coniained 8 total of 132 Np, 2.2¢ P, and 3.7kg *Tc. Also, Paducah foed was utilized beginning in FY 1955
and confimes to the present time. Botween FY 1955 and FY 1971, STc was present at 4 concentration of
approximately 1 ppm. Duﬁngthisﬁmn,ﬂjkgqf”TcismﬁmatadmhﬂwbemfedinmtthORTScascadc. To
mbﬁshmcamumlmewof”TcﬁomPa&mhmmwmlquanﬁtymmmningm period was
distributed evenly over the 17-year petiod.  Vatious sections of this report discuss in detail specific plant facilitics
which processed/concentrated RU, TRU, and %Tc and will not be repeated here excopt as required to describe the

flow of the RU and its constituents fhrough each campaign.

3.L1 Campaiga #1 , . |
Camypaign #1, the TRU and *Tc contaminants that entered the cascade with feed manufactured

During
from HRT/SRT oxide and early PPE were substantially removed during the first cascade change-out progral Ttis
assumed that during this period, mztcﬁalwasfcdupunmo:iliandthmcmptycyﬁndmﬁthhmlswcmrctmadm

51

@058



10720700

FRI 10:36 FAX 00

@059

Paducah/Oxk Ridge. These cylinders were not cleaned at PORTS; therefore, any TRU, RU, and ®Tc contained in
the hecls weat to Faducah or Oak Ridge.

PORTS

- Figurcs 3.1-1

RU MATERIAL FLOW THROUGH _
MARCH 31, 1899
SHEUTS {RECEIFE) SUTPUTS (SHIPMENTS)
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OTHER ORGDe
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FIGURE 312
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FIGURE 3.1-3
DEPLETED REACTOR TAILS
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When RU/FF muterial was fed to the cascade, a portion of cach constituent entered the cascade with the
UF;s while the balance remained in the cylinder. The split is assumed to be 23 ¢hown in Table 2.2.5-1.

The barrier is assuraod to contain cssentially all of the TRU and **To that was removed duriog the
equipment change-out. - This barzier was decontaminated in the X-705 large equipment tunel, where essentially all
of the TRU and **Tc was assumed to go into solution. This process remaved essentially all Np and Pu from the

PORTS cascade and approximately ¥ of the *Tc introduced through FY 1959. The ®Tc from the PPF is assumed.

to continue to absorb on cascade surfaces until it reaches equilibrium, No record of *Tc releases or its presence in
the product were found to have ocourred during this campaign.

312 Campaimn #2

In Campaign #2, the barrier is again assumed to contain essentially all of the TRU and ®Tc that was
removed during the CIP/CUF and prarge converter change-outs. The CIP/CUP change-out replaced equipment that
contained the Np and Pu and 2 portion of the #*T¢.  The Np and Py renain near the feed point, while *Te may be
found almost amywhere above the feed point, For this reason, only *Tc is shown a5 prescnt in the purge converters
changed-out, During this campaign, the barrier snd other removed equipment were decoptaminated. The TRU and
T are assumed to £0 into solution. ‘The decontamination and processing of the decontamination solutions are
assumed to have been performed in the same period as the equipment remaval. Al of the *Tc is assumed to go into
the raffinate or toaps. Ninsty-nine percent of the Np and Pu are assumed to end up in the oxide produced.

Bepinning with FY 1972, additional data on PFF became availzble and this was used to calculate the
quantity of **Tc present. Starting with FY 1976, the product produced at PORTS is known to contsin *Te. An
average of sbout 2% of the total atmount of *Tc remaining in the cascade is estimated to be removed anmially. In
FY 1975, quantities of *Tc that were dotected in air/water releases 1o the environment were romoved from PORTS
jnventory. The ™Tc is shown as removed from PORTS inventory in the year the product is withdrawn from the
cascade,

“The HRT/SRT received in FY 1968 and 1969 was not all fed immediately. ‘Therefore, the RU appears in
the year-cud inventory until fed. The TRU and ®Tc fod 1o the cascade during this period is assumed to have been
almost completely removed during the CIP/CUP program and/or purge converter change-out. Mo stgnificant
quantity of material is belicved to have been removed during the 74 compressor change-out,

3.L3 Campaigns #3 and #4

The UFg from the miscellancous cascads faed and non-UF, scrap returns ere summarized in the last two
campaigns. The RU and contaminanis are assumed to be fed or processed miformly over the period from the
carliest fesd/processed date to the katest feed/processed date. Some of this material remains in storage.
32 Uranium Receipts

See Figure 3.1-1 and Table 3.2-1 for 2 summary of the RU received each FY and its souree, A total of
1,123.6 MTU of RU (all forms) was received at PORTS. The table does not include Paducah or Qak Ridge product

feed, which PORTS considers to be ™Te contaminated, but not RU.  However, the mass flow includes the ®Tc
constituent of these PORTS feods,
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PORTS Receipts Summary (RU Only)

Table 3.2-1

. doss

Net Welght (LpU)
Skipping Uranfom FY FY FY FY FY FY FY Fv Y
Facility Form 1955 1956 1957 1958 19646 1967 1968 1969 1972

Allied vo,
Chepjcal .
Babcock £
Wilcox, U¥e
Division of U¥, 151
Interpational
Affajzs UNH 39
chsl_d U
| France UF, 65
Germany UNH

UF, 865

UF, 295, 504
K25

U0, 418

uo, 3,319
NUMEC UFs 330
Paducah Uk, | 105873 | sa6e9 | 6156 | 64311 567,620
United -
Kingdom URH
USAEC Office
msafaftuiau & UFs 2,833
Manspement.
Y-12 Ulol
Girand Total 105,873 351,154 | 10758 | 64,311 a9 151 | 570453 | - 395
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Table 3.2-1 (Cont'd)

PORTS Receipts Summary (RU Only)

@066

Net Weight (kgl)
Shipping Uranlam FY FY FY By FY FYy FY Grand
Facility Foarm 1973 1974 1975 1976 19765 1977 1978 Tatal
lied .
glhmaj cal jile 1,376 1,403 1,295 4074
Babcock £
Wilcox - TIF; 153 153
Division of UF« 151.
Interpational
Affirs UNH 46
Fernald U405 7,198 7,798
Franoe UF, 202 324 128 273 112 ‘152 215 1,584
Geamany UNH 6,360 6,860
UF, BG5S
UF, 296,503
K-25
UG, 418
U0, 3,319
NUMEC UF, 330
Feducah UF, 798,605
United
Kinedom UNH 7 7
USAEC Office
Safcgua:ds & UF, 2,833
m:mgmmj;
Y-12 U0y 104 1
Grand Total LS 324 1,538 16,226 112 409 235 1,113,658
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33  Uraniwm Shipments

Seé Figure 3.1-1 and Table 3.3-1 for a summary by FY of the RU shipments from PORTS each FY and the
receiving facility,. PORTS shipped a total of 15.6 MTU of RU.  The table does not include Paducah or Qak Ridge
product feed, which PORTS considers to be **Tc contaminated, but not RU.

Table 3.3-1
PORTS Shipment Summary (RU Only)

Recetving Facility ° Net Welght (kgT) .

: Urania Y FY 1952 Grand
m Form 1955 FY 1956 FY 1972 FY 194 1984 FY 1998 Total

B&W U, E00 200
France UFs 65 -
K28 1) 3,102 3,12
NLO O, 9,500 9,500
Paducsh UF, 920 582 (368) L134

Grand

Total 920 3,684 65 @68 9,500 800 - 15,601

34 Recycled Uraniom Waste

. Central to the assumptions of this study is the concept of RU Josing its identity through processing or
treatment (it 15 blended with vsually enormous amounts of thon-RU).  Wastes, thetefore, dre not classified as RU
wastes, but rather wastes potentially contaminated with either TRU or FP.  Such materials as alwmina, NaF, end
MgF, trapping media, contaminated pump oils, tower ash, and filter ash could constitute cither waste or scrap
depending upon the economics of processing and values of the recovered wranium, Holding pood and heavy metal
sludges and ion exchange resing would constitite wastes from watdum recovery.

Omantification of the TRU/FP component of all of thes2 streams could not be reliably accomplished within
the time constraints of ¢his report. Diata on bolding pond studges have already boct discussed. Data on filter ash
have also been discussed, Some alumina and fon exchange resin data has been Iocated, but not reviewed  MaF data
remmain to be discovered

3.5 Recycled Uranium Scrap

For this study PORTS RU scrap is defined as KU scrap that was received from various sources either for
conversion to UF; bt was never converted to UF,, or as RU-UF; feed that was nover fed.  Materials such as
uranium heels in UF, cylinders that coutained RU would meet this definition, There were 0.8 MTU of RU heels -
retmned to PGDE and 0.8 MTU of EIJ heels retumned to ORGDP, In addition, oxdides (Us0g) produced from
wranium regovery that contain TRUVFP could conceivably be considered RU scrap.  In that regard, 0.85 MTU of
highly enriched wranium oxides were shipped to BWXT during the HEU removal program.  An unknown quantity
of LEUJ oxides remain on site that potentially contain TRU/FP and may be considered scrap or waste depending
upon the econormics of processing and value of the recoversd uraninm, '

3.6 Inventory as of March 31, 1939
A total of 8.3 MTU of RU (all forms) was in inventory at PORTS as of March 31, 1999. Table 3,6-1 shows

the breakout by uranium form and includes the source of the material and the amount of uncertainty included in the
invenfary.



PORTS March 31, 1999 Inventary of RU Constituents

Table 3.6-1
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Uy0

4.2

0.46
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UF;

.01

CGermany
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NUMEC

UFg

0.33

0.33
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UF,

086

0.86

UFy

2965
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U0,

0.4
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U0,
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4, CONSTITUENTS IN RECYCLED URANTUM

4.1 Analytical Laborateries

There were several Iaboratories that analyzed samples for TRU or ®Tc. These included the X-705
laboratory which, for production control pirposes, analyzed recovery solutions for ™ Tc and oxides from the oxide
conversion facility, the Radiochemistry Department in the X-710, which performed more sophisticated TRU and
*Tc analysis, and the Materials Sampling and Testing Department in ths X-710, which did sample preparation
work. Other areas within the laboratory undoubtedty handled samples that contained TRU's or *Tc as unknowns.
**Tc was first detected in the laboratory as an unknown in 1974 and was confirmed as ®T¢ in 1976; the compoynd
pertechneryl fivoride (PTcO:F) was identified by infra-red analysis in 1977 (Ref. 21). While TRU analysis dated
back at least as carly as the carly 1970's, no TRU analyses were repularly performed from 1984 to 1992, Generally,
there is no TRYJ analysis being done.on feeds or withdrawals from the cascade with the exception of Russian fead

- A %Tc analysis is being performed on all feeds and withdrawals, and the results are easily retrievable, at least for the

period of January 1, 1995 to date,

4,51  Analytical Procedures

A search of historical procedure manuzls in the X-710 laboratory revealed one ‘procedure *Analysis of Np
and Pu Alpha Activity in Uranium Cotapounds” dating from 1976. This was a revision of an eartier procedure and
is the basis of the procedure currently used. Twe laboratory procedure manuals from the 1920°s were found. They
include the procedure previously mentioned, as well as procedures for ®Tc in water and soils, Np and Pu in water
and soits, ¥*Te in uraniom and solvent raffinates, and *Tc in celt gases.

Tennelec Alpha/Beta Counting System in X-710 Labs
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4.1.2  Analytical Methods and Errors

The 1976 procedure for Np and Pu in uranfuin compoinds states the relative standard deviation (rsd) as
“ghout 25%". The same procedure in the 1983 manual has the rsd es 10% indicating & refining of the method or
better instrumentation. The 1983 mamial lists the rsd of *Tc in ratfinates and water as 3% with no estimate for b 1
in cell gases. A 1988 manual of environmental analytical procedures lists the rsd of %Tc in water, Np and Pu in
water, Np and Pu in soils, and ®Tc in soils as 10%. The current method for %T¢ in UF; lists a rsd of 4.58%. The
ercors assaciated with these methods could be employed in determining a relative uncertainty value for calculations
invalving amounts or concentrations of the element of interest. The rmdiochemistry area employs the use of
radivactive tracers in their cuxrent methods, with & known amount addzd to the sample mairix and the sample resalt
adjusted for tracer recovery. This helps reduce errors associated with variables in the method.

4.1.3 Processing Issues

In the history of the laboratory, there were two major changes in the processing of samples for the analysis
of TRU and ®Tc. In the time period of 1979 to 1980, *Tc analysis was changed from a method of extraction,
deposition on a planchette, and counting on a proportional counter to a method using liquid scintillation, The new
method was quicker, cheaper, more accurate, and had a Jower detection limit. The other major change involved the
analysis of TRU. In the time period of 1959 to 1990 the advent of TRU-specific ion exchange resins gave an overall
jmprovement in these analyses (Ref. 22). Other processing changes have involved the use of a plovebox for
handling oxide samples and the increased use of hoods for samples known or suspected bf containing TRU or *Tc.

Measuring **Tc Using a Liquid Scintillation Counter in the X-710
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414 Quality Assurance

~Quality assurance in the lab is provided by National Institute of Science and Technology (NIST) traceabls
standards, duplicate and spike analysis, and a program of blind and known contrels. Control samgles cotne from
both an intemal standards lab and external kabs and inter-lab “round robin” testing. Control charts are maintained on
a laboratory information system with oversight by plant statisticians  Currently, quality assurance data is available
dating back approximately nine years; however, these quality control practices arc laboratory and indhistry standards
and have been historically practicad at the facility. ' :

£.2 Analytical Results for Phictonium and Neptunium in Uranizm Maierials Shipped and Received

‘There is very little analytica? data for TRU in prochict shipped or feceived. There was apparently o monthly
sampling progeam in the mid-1970’s that enalyzed VHE, PFF and tails material for total transwanics and ®Te (Ref,
20). The few eample results available are “less than® valpes which indicate that TRU lovels were balow the
detaction limit of the method. Based on that data, there is no evidence of Np or Pu comtamination, freither the PEF
or -Side Withdrawal streams at that time; the liketihood of TRU contamination was greater in previous years when
RU materizl containing hipher levels of TR was fed (Ref. 23). The ASTM specification C 996-90 for emiched
reprocessed nranivm states 2 limit of 200 dpm/gl for alpha activity attibuted to Np and Pu. ‘The few sample results
available from the mid-70’s are, again, “less than™ values with detection limits of 5 or 2 dpm/plJ. Regarding
analytical results in materials received, there was not a figerous sampling or analytical program for incoming
regycled material. Some correspondence existy discussing aceeptance of out-of-specification material; however,
most of the analytical data that exists is for UF which was manufactured from oxide known to contain TRIT (Ref,
24). Much of this material was above ASTM specification limits for feed material. These Hmits are 1,500 dpmy/pgU
for alpha activity attibutable to Np and Pu in both the volatile and non-volatile components in a cylinder, or 200

- dpm/pl) for stricly volatile components, The range of data for TRU s in UF,; range from the “less than™ values of 2

or 5 dpm/gU to 23,800 dpm/gU for UF; produced at the axdde conversion facility.

4.3 Analytical Resulis for ™ Tec in Uraniom Materials Shipped or Received

The ASTM specification for *Tc in enriched reprocessed UF; is Sug/gU; however, the measarement of
#T¢ is not required unless the U Jevel is above 2,500 ug/gU or another control level agreed npon by the buyer
and scller. The ““T¢ contamination product has, at fimes, been. & problem with extra efforts sometimes needed to
produce in-specification material. Within the past five years, estimatas of total grams of * T shipped from PORTS
have been in the range of less than 10 grams for a year with the estimses of (o] amonnt recoaved from Paducah to

. be in the tange of 20 to 200 grams a year (Ref. 25). Data from the time B1J was being fed is and there docs

not appeat 1o have been a ripordus gampling program for incoming meaterial for either TRU or "Te. The data that is
available is from sampling of tails, PPF, and VHE is in the range of less than 0,0002 ugTc/gll to 0.69 ugTe/gl (Ref
20). The ®Tc contamination in cascads equipment has been an acknowledged problem gince the mid-1970"s. Some
materials removed fram the cascade at areas kinown 1o concentrate *Tc have been as high as 40% by weight *Tc
(Ref. 26).
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5. MASS BALANCE ACTIVITIES

51 Annual Mass Balance of Recycled Uraniumo

From startup in FY 1955 through March 31, 1999, apyroximately 371,000 MTU of uraniym {all forms)
received at PORTS, with 1,123.6 MTU determined to contin RU. Of this RU, 15,6 MTU are known to have been
shipped from PORTS. The balance of the RU was either prooessed as discussed in other sections of this report or
remains in ftorage.

The annnal inventory of RU constituents is shown in Table 5.1-1 and Figure 5.1-1. The data sources are
discussed later in Scction 5.6
Tahle 5.1-1

Annual Inveatory Of RU Constitucnts

FiscalYear |- Np(2) | FPu(g) ~Te(y) | Fiscal Vear | Np () Pu (g) - Te (ky)
1955 8.25 | 0.0 3.43 1977 50.62 0.23 6161
1956 16.50 0.0 6.90 1578 50.73 __0.23 - 58.88
1957 . 24.75 0.0 10.35 1979 50.73 0.23 56.78
1958 35.00 0.0 13.80 1580 50.13 023 55,31
1939 33.00 0.0 16.36 1981 50.73 | 0.23 52.83
1960 ' 33.00 0.0 18.92 1982 50.66 0.21 50.46
1961 33.00 0.0 - 2148 1983 50.46 0.16 49.15
1962 33.00 0.0 24.03 1984 49.90 0.13 48.38
1963 33.00 0.0 26.59 1985 49.90 0.13 4768
1964 33.00 0.0 29.15 1986 45,80 0.13 47.1%
1965 33.00 0.0 3171 1987 49.%0 0.13 46.84
1966 33.01 0.0 34.27 1988 49.90 0.13 40.55
1967 33.02 0.0 36.83 1989 49.50 0.13 46.33
1968 3761 0.14 39.75 1990 49.90 0.13 4501
1969 7291 0.91 43.94 1991 49.90 0,13 45.82
1970 7291 0.9 46.50 1992 49.90 0.13. 45,51
1571 2n 0.91 49.06 1993 49.%0 0.13 - 4440
1972 73.02 0.92 50.32 1994 49.90 0.13 44.23
1973 7331 0.93 56.59 1995 .. 4924 0.12 43,89
1974 46.42 0.06 63.99 1995 48.58 0.12 43.54
1975 . 46.69 0.07 65.26 1997 47.92 0.11 43.20
1976 49.03 0.17 64.72 1998 47.26 0.10 35.80

- Mid 1999 45.30 0.02 35.11

52 Annual Mass Balaace of Plutonium in Recyeled Uranium

_ As discugsed in Section 3.1, RU when fed to the cascade loses its identity as RIJ. However, it is possible to
idenfify the individual processes/facilities, which concentrate isotopes of Np, Pu, and *Tc and to estimate the mass
flow/balance of the Np, Py and ¥ Te,

This scction addresses the annual mass balance of the Pu introduced into the PORTS tascade in RU.
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PORTS madfawmjordampai@ﬁm modal the flow ofPu-ﬁomitsmivalonplamSitc ﬁxmughvari:dus
facilities and processas to estimate the quantity of Pu present at a given location and to provide 2 basis for the annual
mass balance (see Figures 3.1-2 through 3.1-5).

Flutonium was first introduced in FY 1955 with feed manufactured by Paducah from HET/SRT. In the

. early years (FY 1955 - FY 1967) of the PORTS operation, Pu that remained in the feed oylinder heel after feeding

was returned with the cylinder to either Faducah or Oak Ridge. The Pu contained in the cylinder heels is assumed
not 1o be in inventory at yearend. Starting in FY 1968, RU was sometimes stored pior to feeding and some
remains in storage as of March 31, 1999, In these instances Pu in the cylinders is included in the year-eud
invertory.

 Afier cascade feeding, 99.9% of the Py is assumed o remain in the cylinder heel The Pu that does etiter
the cascads 'Wunmcmllicmfamwﬂhinmcimﬂediﬂharcaofthcfmdpoimorinlhcfeedﬁm. During
change-out programs of FY 4958 - FY 1960 and FY 1974 - FY 1983 csscntially 100% of the Pu fntroduced up to
th:ttpointwnsmnsidmdrcmm-:d.Ductuthcmlubﬂitynfhinthcdmunmnﬁmﬁunmlmions,thclrmsferufﬁ
from the equipment to the solution is assumed to be nearly 100%. Approximately 99% of the Pu remains with the
U0 produced from uranium récovery. ‘The batance of the Pu traveled with the raffinate to the X-701B, Trace
qmnﬁﬁmmymﬂnhfmdﬁmmmdcpiﬁngmmefocdmmt

_ Dmhgpmeqﬁpmmmmmmc@ﬁpmmeiWHymmmwdmnaﬁmhm
removed. For purposes of the anrmal mass balance the Pu is counted as either in the cascade, X-701B sludge, oxide
stumgc,orfﬂédcylinders.mtcrialisnlwaysassumndmhawbemwmplﬁelypmmedinthcsameycar!hc
processing started.

{Phers have boea no identifiable quastities of Pu releassd to the environment at PORTS, ‘The amoust of Pu
in inventory annyally is estimated to a peak =t 0.93g in FY 1973, with 0.02g Pu in inventory as of March 31, 1939,
The estimate of annwal Pu imventory at PORTS is shown in Figure 5.1-1 and Table 5.1-1.

5.3 Annnal Mass Balance of Neptuntum in Recyeled Uranium

This section discusses the anmual mass balance for fhe Np that was infroduced with RU. This is not an
nnnwlmassbala_nmqupinRU{SmmﬁamhforPumassmmnceinSecﬁuns.Z) The model for estimating Np

is similar o that of Pu with the only diffcrence being that the percentage of Np fed to the cascade is assumed 1o be
25% with 75% remaining in the cylinder heel.

Like Py, Np was first introduced in FY' 1955 with feed tnamfactured 8t Paducah from HRT/SRT. Upon
receipt, the materizl was fod and the cylinders returmed to cither Paducah or Oak Ridge. Beginning in FY 1968, the
cyﬁndusmmmimeshddﬁurapeﬁodnfﬁmabﬁnmfwding;thﬁufum,inthmemas,thcﬂpmmincdinthc
cylinders is included in the year-end inventory. During periods when 2 cylinder is fed and returned to Paducah, the
Np in the cylinder is not included in the year-cnd inventoty. - - : ‘

The Np that enters the cascade plates out with esseatially alf of the Np estimated to plate out on cascade

. mmpoucmswiﬂﬁnamngcofﬁmuswqodlsoftbcfmdpuimm:tzﬂ. ‘While Np may spread gradually over

mdmdedtimcframes,th::limaﬂuc(ﬂnﬂZﬁ)mggmtssuﬂiciﬁntimmﬂbiﬁtymihatitmbcnssumndthatduﬂngtm
cascade change-outs, FY 1958 - FY 1960 and FY 1974 - FY 1983, the equipmment where the Np deposited was
rcpiamdmdmsémﬁaﬂylﬂﬂ%oﬁhclqpthatwasfed.uptothisﬁme,msmmnved.' Trace quantitics undoubtedly
remained and pechaps are still present on surfaces not changed out. ‘

: Mwucmeqﬁpmmmdmomamimmd.u&thmnﬁmymofﬂmﬂpmmmlutionﬁ:mugh
Wraninm reeovery. The oxide prodused was stored for oxide conversion of a later date. Approximately 1% of the
Npthatmpmccsscdthmughumniummwrymdedupinthc:;ﬂimatth::X—Wleiththupnmining?S’%in
the oxide (U50). ' .

There were no reportzble quantities for Np released to the environment.
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__ The amount of Np in inventoty annlly is estimated to peak 2t 73.31g in FY 1973, The estimated shnual
Np in inventory at PORTS is shown, in Figure 5.1-1 and Table 5.1-1. -

5.4 Annual Mazs Balance of Technetium in Recycled Tranium

This section discusses the anbwal mass balance for *Tc that was introduced to the PORTS site with either
RU or ®Tc-contaminated PEF. This is not an annual mass balance of ®Tc in RU (See rationale for Pu tuass balance
in section 5,2).

mﬁcmﬂm&h@l@@hmm@mﬂmﬁmﬁufmhﬁdﬂp to modsal the
oonstitumt movement afier arrival at PORTS.

#Tc was firt introduced at PORTS in FY 1955 with feed mannfachired by Paducah from HRI/SRT oxdde
and Paducah or Oak Ridge product feed. Upen receipt, the material was fed mmd the cylinders returned to Paducah
or Oak Ridge. Beginning in FY 1968, cylinders were sometitaes held for a period of time before feeding. Any Tc
contained in the cylinders that were stored is included in the year-end inventory. During periods when a cylinder is
fﬁdandrcmmmdw?adlmh,thc”TcinthecyﬁnderisnutincIudedinthcymmdinwntory.

ine cascade feeding, it is estimated that 90% of the *Tc enters the cascade with 10% remaining in the

#ndcr. The “T¢ that enters the cascads initially absorbs on the metal surfaces as it moves up the cascade. While

© is highly mobile and moves quickly to the top of the cascade once equilibrium has been established, it was not

unequivocally identified until 1974. This 19-year Iag is assumed to be at Teast in part due to the time it took the ®Tc

10 reach equilibriom (Ref. 19). Once at equilibriom, additional *Te in the feed rapidly traveled from the foed point

1o the top of the cascade. The migration of *Tc in the cascade was slowed by the equipment change-out in FY 1958
« FY 1960 when much of the equipment contzminated with *Tc was removed and decontaminated

The process equipment was decontaminated with essentially all of the ®Tc going into golution through
uranfum recovery. The oxide produced was stored for oxide conversion at a later date. Al of the ®T¢ processed
through wrauium recovery is assumed to end up at the X-701B.

The mode] (Campaigns 2 & 3) includes "Te releases to the environment as identified in Table 2.5-1.

The amount of **Tc in inventory snnually is estimated to peak at 65.26 kg in FY 1975. The ™Tc in
inventoty as of March 31, 1999 ise estimated to be 35.11 kg. The estimated annual ®Tc in inventory at PORTS is
shown in Figare 5.1-1 and Table 5.1-1. ‘ :

55  Potcutial for Worker Exposure from Recycled Uranium

Worker monitoring began in 1954 with the ¥ilm Badge gnd Bioassay Programs, “Workets with the potential
for external radiation exposure were provided film badges for monitoring. However, not all workers were provided
film badges, and not all badges issucd to workers were read,  This changed in the mid 70's when the film badges
were replaced with TLD badges. All workers, regardless of exposure potential since that time, have been provided
TLD badges. Some badges are not read unless there is cause 1o believe a significant dose may have been recorded.
Records of badge readings obtained since 1954 ave retained by USEC.

The bioassay program began with wrine sampling for uraniutn o gross alpha. Uranivm sampling was used
to monitor intake of warkers with the potential for exposure to low assay soluble urantgm.  Workets with the
potentixl for exposure to high assay wranium were momtored by gross alpha. I the nid-1990s, both methods wete
replaced with Inductively Coupled Plasia/Mass Spoctroscopy (ICP/MS) methods. PBesults of wiine bicassay
monitoring since 1954 are retained by USEC. .

Since 1988, internal doses have been reported for workers with positive bioassay results (320 dpnn/t) that

resulted in calculated doses that exceeded 10 mrem, Up to several hundred employses per year were assigned
intemal doses based on the alpaa bioassay results duc to the 20 dpm/l detection limit. Whent the JCP/MS method
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tmhmd&aﬂmnﬂﬂ@mﬁhad&&cm:hmmﬁgmdhﬁnﬂ@m&umdhafwmchywmm
method datection limit &5 about 10 nanograms {ag)/] for each isotope of uranium. The lower detection, limit resulied
in fewer workers being assigned doses from false positives. The uranivm method {(fluorimectry} used previonsly had
a detection Llimit of about 5 ug/l.

551 Derived Air Concentration (DAC) and Maxivwm Permissible Concentrations (MPC)

: Over the years of planiopcmﬁon,thcmdinﬁnnmndardshmchangﬂ The most recent standards are 10
CFR. 20 (USEC) and 10CFR 835 which replaced DOE order 5480.11. Both of these used the DAC bascd on
International Commission on Radiation Protection (ICRF) 26730 mecommendations. The DAC is defined as the
concentration that if breathed by a worker for a work-year, would result it a limiting dose, The limiting dose is the
mnmﬁmiﬁngofd!haSrgmmmmiﬁadcﬁ'ec&wdosccqlﬁvalenturSOrcmoummittednrgandumoquiwlcm_
DACs are tisted by each radioisotope and by solubility. The solubitity classes, fiom most e Jeast solubls, arc B

. (for days), W (for weeks), and Y (for years),

AEC/ERDA/DOE 0524 provided Radiation Protection Guidelines (RPGs) based on ICRP 2/10. The MPC
if breathed by 2 workex for a work-year would résult in 15 rem aumial organ dose. Reporting of intemal dose was
required when comulative intakes exceedad 50% of the RPG for the critical organ.

AEC/ERDA/DOE 0524 listed the MPCs for soluble uranium a5 6x10™" uCi/m! and 1x10"° uCi/ml for

insoluble uranivm. The MPC’s for TRU ranged from 1x10™° uCi/m! for insoluble B'Np, to 2x10™2 for soluble
2py, D¥py and *Opy The corrent DACS from 10CFR 835 arc listed in Table 5.5.1-1.

Table 5.5.1-1

Current Derived Alr Concentration from 16CFRE35

) C : L. ' DAC:
i - e Activity. -
Half Life(Vears) | SPE0CONT g Thasw Cas ¥
; . ) S aCifm! . gCi/ml wCi/ml
“To 213,000 17,000 x10” 3Ix107
“Th 191 2.2x10° 107 Tx10™*
T Th 77,000 20,200 3102 X102
2R | 244,500 6,253 Sx10°° x0T 2x1077
oy . T038,000 2.163 6x10™ 3x107"° 2x10™"
Tegy 23,415,000 6474 6xio™’ Ix10" 2x10
Ty 4 468x10° 0.3364 3x10™° 2x1¢7"
“Np 2.140 000 705.3 . - 2x107 ,
=Py £7.74 1.7x10° 3x1077 Tx107
| Py 24,065 62,200 2x10° 6x107~
1 Am 4322 3. 4x10° ' 2107

The most dramatic change between the old standards and the new standards are for the insoluble TRU
DACs. For instance, the MPC for insoluble "Np was 50 tites higher than the current DAC. Since the insoluble
TRU MPCs were similar or higher than the insoluble uranium oxide MPC, exposure to insoluble TRU under the old

. Limits would be considered to be adequately controlied if the exposure to insoluble uranium was controlled. The

plant allowable limits (PAL) were about half the DOE/Eacegy Research and Development Administration limits.
To significantly docrease the effective DAC 10% for & mixture of Class D uranium and TRU compared 1o

thé wranium alone would require that only 0.04% of the total activity be TRU. The presence of the TRU increases
the dose compared to the dosc that would have becn received by inhalation of the uraniurs alone, For Class W, there
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would only have to be 0,07% TRU present for the same 10% dectease in the DAC. For class Y uranium, there
would have to be 1.2% present to result in 10% increase in dose, ‘

For ®T¢, the DAC is much higher than the DAC for othet beta emitters present at the site, The 25 decay
products “*Th and *Pa arc present, especially at the feed facilities. The DAC for Z*Th Class Y (the most
restrictive) is 6x10™ uCi/m! compared to the Class W **Te DAC of 3 x107 uCi/ml. Since the uranium alpha DACs
are at least 500 times lower, unless”l‘cismmematsoommammiumacﬁvity,theﬁraniumisﬂmmm-e
limiting in tetms of the hazard to workers. “°Th is also present at PORTS in significant quantitics. P*Th ariecs from
the decay of U, About 9 uCi of 2°Th per year are produced per curic of 240 The yresence of “*Fh is not related
toRUsinceitqudheprm:ntmg;«mﬂcs:. Itici t to note that 2Tt is generall pmsentixilargcrquanﬁﬁcs
compared ® TRU. The ratio is generally 3 parts to I part TRU. The DAC for is comparable to TRU.
Since 1993, internal dose dssessments include 2 contribution from **Th and #U. The significance of TRU to the
potential dose to workeets in this report will not include the contribution from Z°Th

552  Bioassay Monitoring Results

- From 19635, until the early 19905, £ portable In-Vivo counter was employed to monitor lungs of workers for
insoluble uranium, The counter was usually brought to PORTS twice per year, The %%:ﬂny to detect ®Te, and
®Np werc added in 1977, The detection limits for this counter were stated as: 100 ug (240 ug RPG Limit); 10
mg total uranium (27 mg RPG Yimit); 1 uCi *Tc (9 uCi RPG liit); and 0.2 uCi Z'Np 2&11 nCi RPG limit). The
most rekiable results were for U since the gamma emissions were monitored directly, U is determined from the

- ®*Th decay product of “*UJ, and *"Np is based on the ™*Pa emissions. Naturally occurring radon daughters provide

a false positive for “'Np. *Tc is not a gamma cmitter, thus a background adjustment is performed over a low
energy range to obtain the ®Te count.

No records have been found that indicate that doses from wranium, **Tc or TRU have becn assigned based
solely on In-Vivo results, Usually, another In-Vivo count and a utine bioassay are requested if a result that exceeds

‘the detection limit was obtained. To determine dose, the amount inhaled and how st the paterial is removed from

cach organ of interest must be known. The RPG's are based on having the RPG present in the organ for a year. The
resuits of In-Vivo monitoring were sumnmarized in a 1986 report (Ref. 29) The following table lists the pumber of
counts taken and the mumber that excecded the **U detection limit from 1965 to 1985: (Table 5.5.2-1)

Table 5.5.2-1

In-Vive Summary (1965 ~ 1985)
Y Total County No. of Counts Year ‘Total Counts Nao. of Counts
xear Taken *>100ug™"U Talen >100ug™5 -
1965 27 18 .- 1976 411 ‘ 58
1966 30 14 1977 - 971 96
- 1967 236 28 1978 542 29
1968 364 .39 1979 497 15
1969 393 ‘ 73 1920 914 4
1970 147 . 32 1981 B6R 2
1971 179 56 19382 910 1
1972 157 36 1933 632 3
1973 392 26 1934 G613 0
1974 - 521 65 1985 T8 4
1975 654 ~ 92
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Another suntrary produced at the same time (Ref, 30) listed the urine sampling resalts for wanium and
alpha for the same period,  The total collected each year and the mumber that excesded the detectable level for
alpha resulis (approximately 50 dpm/l) are summarized belaw: (Table 5.5.2-2) :

Table 5.5.2-2

Urine Sampling Summary 1965 - 1985

Total -. Paositive

. " Total Positive .-

Year Samples Samples *s Positive Year Samples Samples % Pasitive
1965 2,155 1,234 57% 1976 5,066 3,689 73%
1966 2,657 1,037 39% 1977 5601 4414 T9%
1967 2,493 £05 3% 1978 5933 2412 41%
1968 2985 1,035 35% 1979 3,694 1,963 53%
1969 3,505 1,753 50% 1930 7,794 5,525 1%
1970 3.442 1,579 #6% 1981 £,203 5449 " G6Y%
1971 3,953 2,121 4% 1982 6,571 3,487 53%
1972 3,288 1,513 47% 1983 4412 2,455 56%
1973 3,656 1,817 50% 1984 3,302 1,681 51%
1974 3.056 1,489 49% 1985 5,108 2472 48%
1975 5,750 3,954 69%

The bioassay results indicate that a kirge proportion of monitored workers were exposed and had intakes of
wrzniurn, The dose to each worker cannot be determined without detailed analysis. Because the monthly samples
were not consistendy sibmitted by workers, the actual number of workers monitored each year or the mumber of
warkers with positive results can not be relisbly extracted from the results abave.

553  Facilities with the Potential for Worker Exposure o RU Constituents

5531 X~705 Oxide Conversion Facility

A limited amnount of information is available that describes the recycled constitueats of the oxide processed
in this facility. An unpublished draft rcport, circa 1977, (Ref, 31) which covered the conversion of TRU
contammnated oxides from 1967 to 1975 included calculations of aitborne TRU concentration if TRU contaminated
oxids were to be processed. - This report did indicate that the airbome uranium concentation exceeded the Plant
Allowable Level (PAL) in 1368 occurrences in the Tower Room, in 826 ocawrences in Oxide Unloading, and an
additional $77 oocurrences in the Cold ‘Trap Room. The PAL, pocording to the May 1979 GAT-226 “Guide W

Safety”, was 3 dpm/fi® (4.8x10"! uCi/ml). The actual data cited in this report could not be located. ‘Fhe use of
tespiratory protection was required by procedares in place at the time, and their use was encouraged by supervision

' Smear samples obtained in “E”, “F* & “H” areas and analyzed for thorium, wranium and TRU during TRU
charactetization in the 1990's are shown in Table 5.5.3.1-1.

How much TRU was prescat in each year of operation is not known however, thesc sample results do
verify that TRU contamination was present when the facility was shutdown in 1978. The samples in H-Area
indicate that the TRU percentage is 0.12%. In soluble uracium (Class I} or W), found ih H-Area and the oold tap
room, the levels of RU constituents has a significant cffect on the DAC. For TRUJ in insoluble (Class Y) oxides, (E
and F-Areas) the effect is lessoned duc to the decrease in the insoluble uraniwm DAC. Siacc the TRU percentage is

less than 1.2%, the effect of TRU in the oxide at thess levels is insignificant.

71




Tatile 55.3.1-1

TRY Characterization of Smcar Samples from “E”, “F", and “H” Arcas

‘ - - Am/Tu 1”“_'] Total " I35,
Location Sample # HPX pCi pCi pGi %TRU uwCifgU | % >0
F-Arca 93-934 26 32 7,630 0.76% £.18. 12.4%
H-Area | 94-070,077,100,101 | ~ 3.2 7.5 £,699 0.12% 18.86 30.3%
Barea | P90 231 610 | 81623 0.36% 1166 | 200%

- Air sampling in the Oxide Conversion Facility measured only the total alpha concentration from uranium,
thorium and TRU. Appendix X1V, taken from site internal correspandoence (Ref. 32) summarizes the air sample
concentration at the continuous air satsplers Jocated in the oxide conversion facility from sampler start up through

1978, These levels warrant the use of respirators and, when womn properly, provide adequate protection to the
worket. '

The calculations for obtaining the DAC are shown in Attachment XTIV, The calculated Class D DACs can
be compared to the current Class I DAC of 1x10® ¢Ci/m! which assumes that up 2% “*Th s prescat. The samples
from H-Area were uged to calculate the DAC for the cold trap rootn in E-Area, since the TRU fraction is lower and

. the UF, handled is soluble (Class D). This is in line with removal of the TRU in the tower ash and the MgF; trap.

The zirborne tadicactivity in the other E-Area samples may contain oxides or ash from the tower which are
considered insoluble (Class Y).

£5.3.2 X-705 Decontamination Area

‘The X-705 Decontamination Area contains a multitude of activities with the potential for worker exposure
to the constituents of RU. There are two principal routes of entry for these constituents - PG cylinders to be cleaned
and process equipment to be disassembled and decontaruinated. The ¢ylinder cleaning area is in the northwest
commer of the X-705. Bath large cylinders (2-1/2 ton and up) and small cylinders (5" 1o 13") are cleaned in separate
areas. ‘The cylinders are currently cleaned with a boric acid solution, rinsed and dred. The sobutions from the
cylindcr cleaning are added to the solution recovery system.

Prucmseq:ﬁpmcntmaybcdimsscmblodinoneofmmlnreasdcpcudingonsizcnndﬂmﬁmm
necessaty to handle it Gross internal cortamination is removed after disassembly, The components arc then either
placadonmﬂsandpusscdthmughihnImrgchﬁsbmmmhaﬁonnmndmdmntauﬁnatcdbyhandinlhﬂSmall

* Parts Area. Solutions from these areas are also added to the solution recovery system.

Air contamination surveys taken in 1993-1994 and 1995-1996 in the X-705 Decontamination Area indicate
that significant TR was present. A summuary of these results is shown in Appendix XV.

In the sirborne samples taken in 1993-1994, both Pu and *'Np arc significant In the samples taken in
1995 ~ 1996 only Z’Np is significant for the RU constituents. Since the analytical techniques were being refined
during 1993 and 1994, it is possible that the difference is due to changes in the taboratory method, or to ached
changes in the constituents present.

£.5.3.2-1 Cylinder Cleaning
The cylinder cleaning operations in the X-705 Decontamination Area potentially involve concentrated RU

constiments, The results shown in Table 5.5.3.2-1 are from samples taken during decontamination of large cylinders
arcain 1993. The results in Table 5.5.3.2-2, which were obtained in 1999, weis talken from small ¢ylinders wash
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solutions in the X-705

than 0.04%,

Tahle 5.5.3.2-1

Large Cylinder Ares — Sample Results 1993

West Annex. Inboth cylinder—cleaning areas, the TRIJ percentage is significantly greater

A.l'mTl-l nTNP Total % Th+ " 35
Sample # HPX- | pCi oCi pGi % TRU TRU uCifgl | % *°0
93-291, 292, 293, 294, 802,
§22 225,897,916 130 60 33305 | 057% | 794% | 3.44 4.3%
Table 5.5.3.2-2
X~705 West Anncx — Sample Results from Small Cylinder Wash
Am/Pu | -Np Bipy | ¥pu Total |,
Sample #* Note | " ory pCi pCi | pCi pCi % TRU i uCifglU | % **U
340-110, 112, :
114, 116,118, | Wash | 471 11,514 | 1,287 | 2,838 | 1,692,643 | 0.92% | 19.82 | 42.7%
120
' 340-111, 113, .
115, 117, 119 Rmse 0.11 _ 4.8 0.39 1.7 1,305 0.53% 17.09 37.1%

5533 X-744G Bulk Storage Building

. Batching operations of ttap
worn by workers during these opera
constituents,, The results of all 28 saaples

Fable 55331

*Laboratory Information Management System Identification Nurnber (LIMS Iy

%X-744G Bulk Storage — Air Sample Resulis for Trap Batchiag (1995)

materials were carried out in the X-744G in the mid 1990s. Respirators were
tions. In 1995, air samples were taken and asalyzed to chavacterize the TRU
taken in 1995 were combinad to produce the data in Table 5.5.3.3-1. In

this instance the TRU is significant since the TRU percentage is 0.15% of the total activity.

unpu ‘”Pll HTNP Tﬂf-ﬂl - i .
pCi pGi pCi pGi % TRU uCi/gU0 e P
16 39 60 7,171 0.15% 10.03 16,2%
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5534 X-343 Feed Vaporization and Sampling Facility .
This facility feeds UFs into the cascade.  Airborne radioactivity measurements analyzed for TRU are

summarized in Table 5.5.3.4-1. The results were obtained from 3% samples taken between 1994 and 1997, The
TRU levels are insignificant at 0.01% of the total activity. ‘

Table 55.3.4-1

X-343 Feed Vaporization and Sampling Facllity — Airborne Radioactivity Summary (1994 — 1997)

P pu PN T
P otal .
pCi pGi nCi pGi %TRU uCi/gll % B°g
0.0 0 12 19,986 0.01% 2.10 4.0%
5535 X-344 Toll Enrichment Facility

The sample results shown in Table 5.53.5-1 were obtained from eleven air samples taken in 1994 - 1997 in
the X-344. The TRU levels are insignificant at less than 0.01% of the total activity,

Table $.5.3.5-1.

X-344 Toll Enrichment Facility — Airborne Radioactivity Summary (1994 — 1997)

py Bipy BN Totat S
PG pCi pCi pGi S TRU uCifg0 * By
0.0 021 0.7 25,143 0.00% 0,95 13%

5.6 Environmental

Surveys to determine the extent of contamination in the USEC leased faciliies covered more than 540
outside acres. Most outside areas covered with grass, gravel or pavement were morveyed with an atray of radiation
detectors towed behind a tractor af slow speeds. Other areas were surveyed with hand held srvey instruments.

USEC Health Physics Policy X38300-00-001 lists a!l arcas of contamination within the USEC leased areas.
One arez is known to contain **Tc and TRU (X-701B), but most are posted only for protection of personnel from
remavable contamination. There are about 527,000 sq. fi. of contaminated areas, of which almost half (244,000 sq.
ft.) ar; on the roofs of the X-705 and X-710. The X-701B is about 260,000 sq. ft. Contmination control zones are
4,116,800 5q. ft. of which 4,109,000 sq, ft. are associated with the three process buildings. There are 1,532,900 sq.
ft. of fixed contamination areas with 530,000 sq. ft. in the X-530 switchyard. Sofl contamination areas amount to
199,100 eq. ft. of which 130,000 sq. ft. are pear the X-7721, 12,000 5q. &. near the X-745F, and 14,000 sq. fi. near
the X-705. Underproumd radioactive material zreas amount to 15,800 sq. fi, and mostly associated with the X-705
(15,500 sq. ft).
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6. RESULTS AND CONCLUSIONS

6.1 Explanation of Flow Paths

The RU entered PORTS from two sources. The first source was the stream devived from spent reactor fuel
‘that had been converted to UFs at the PGDP and ORGDP feed manufacturing facilities, A total.of 1,095.1 MTU
was received and fed to the cascade (~0.64 assay). The second source was materials received in various chemical
forms through the scrap retumn program (see Table 5.1-2).

The constituent ®Te reached PORTS through the RU and PPF, Since startup, some 58 kg of ™Tc are
estimated to have entered the PORTS cascade from PFF and 6 kg from RU for a total of 64 kg fed to the cascade,
Some previous estimmates have placed this level as high as 90 ke

6.2  Identification and Evalustion of Processes or Facilitics That Involved Worker Exj:osurc to Recycled
Uranivm Constitnents

There are no known documented cases of worker exposure to TRU constituents of RU at PORTS from any
process. There have been cases of worker contamination due to Te. Exposures to "1 through ingestion are TBD.,
There was the potential for worker exposure in the following facilitiesfwork areas: ‘

i oxide conversion facility;

2, cascade during removal of cascade equipment;

3 equipment decontamination in X-705 equipment; and
4. cylinders cleaning.

In-vivo results from workers are available since 1965. HP staff was concerned about exposures o
msoluble Np compounds during CIF/CUP. Urine biocassay results are available from 1955 and indicate that .
nranitm  and *T¢ exposures have occurred. It is not yet known whether these exposures indicated by wrine
biocassay nlso include a contritartion from TRIJ,

Dose assessiuents for workers with positive bicassay have been required and performed since 1988, No
worker has boen assigned an internal dose from #To or TRU since that tirue.  Air and smear samples talen, since
1993 to characterize the radioactive constitucnts in the facilities Hsted gbove also indicate thar TR is present, but
may not be significant,

63  Ideatification and Evaluation of Processcs or Facilities that Involved Potential Environmeatal
Contamination ' -

There are no known reportable cascs of environmental contamination due to TRU constituents of RU at
PORTS from any process. There are extensive records and cascs of environmenta) contamination due to ®Te. The
section above lists the facilities / work areas into which RU was introduced. Technetium has been found in site
disposal areas where contaminated equipment was stored, oil and cleaning solvents were disposed of, and in air
(stack and perimeter) and water effluent monitors. Perimeter gir sampling generally indicates only naturally
occurring materials, but *Te was found after the 1998 fire in X-326. Groundwater sampling has indicated that
technetivm is present in plumes originaling from the X-701B uranium precipitation pond. Technetium has higher
mobility than wranivm and the other RU constituents. :

The immediate area around the X-705 has contamination on pavement and in s0il. Because the source was
the X705, * Te and TRU are expected to be present The X~705A fncincrator facility was opetated until 1986 to
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dispose of burpable waste. Contamination measurements made of the interior surfaces during demolition indicated
that * Tc and TRU were present. Contamination surveys in the vicinity of these facilities have located small arcas
of surface soil contamination. These areas have been posted 10 protect workers from caposure, but have not been
extensively characterized to determine if they contain ¥ Te or other constituents of RU.

64 Discussion of Data Sources and Confidence Levels

~ Information utilized in this report was gathered from various sources. Factors influencing ttm quality of the
information vary fiom the level of documentation in which the information was found fo the credibility of the

- individual supplying the data  Certain types of data clearly bave, as their bascs, physical and chemical

measurements suppotted by reliable documentation including chain of custody records, weight tickets, and lab
instrument printouts, At the other extreme, anccdotal testimony of “how things were done™ may be highty
dependent on fading memories or hearsay information, In some cases, conclusions could be srrived at only through
deductive reasoning and, in & few cases, speculation. Table 6.4-1 lists the sources and/or types of sources utilized,
with the team's assessment of the reliability 'of the information based on their oollective experisnoe,

Where deductive reasoning and/or educated speculation were critical in coming to closure with an issue in this
feport, such steps in logic are cited. In thess cases, the 185 years of collective experience of the site team has been
relied upon, C

65 Conclusions

In reviewing the operating history of PORTS (including facilities and specific time petiods), whete there
are significant implications for potential worker exposure or environmental contamination certain conclusions can
be made with reasonzble confidence, These are as follows: -

1. The largest quantity of recycled uranbom received and fed to the PORTS cascade was manufactured at
PGDP:and ORGDP from recycled UQ,; from Hanford and Savanmah River. Of the approximately
320,817 MIU fed to the PORTS cascade thtough FY' 1997, 1,095 MTU was RU prooessed at the
PGOP or ORGDP feed plants.

2. The largest contribution of **T'c, which amounted to about 60 to 90 kg, was in the 121,485 MTU of
feed produced by PGDP.

3. Fadlities and associated processes where TRU cotstituents had the most potential for worker txposure
‘ were in the cascade near the RU feed points, particularly during equipment removal, and the oxide
conversion facility wl_mn changing the ash filters. : .

4. Possible exposure 1o *“Tc could have occurred during maintenance of the top purge cells or change-out
of trapping media pear these locations. Potential exposure to #Tc from the handling of treatment
sludges from the wranivm recovery Facility is considered valikely due to the dilution of this stream with
enormous quantities of non-radiological materials. ‘

5. The X-344 feed manufacturing facility was free of TRU/FP constituents duning its operating l:ustory
The site team lists opportunities for improvement to the PORTS RIJ mass balance effort in Table 6.5-1.

The recommended actions are listed in order of prerity for clarifying worker exposure or eovironmental
contamination.
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Table 6.4-1

Data Sources and Assessment of Data Quality — PORTS Site

Ttem Data Source Qﬁu:g]hlty nlf ::f e:-rmn;-n::’ Comments
1 | S8 Accountability Records X
2 | Plant Monthly Inventory Reports X
3 | NMMSS Data Base Queries X Eﬁ:"“‘ on setting of proper
4 | NMC&A-DECI0 Journals (VHE-refeed) X
5 Supplemental Analysis Reports (Scrap) x
GAT-3OO-XXXX
6 Nuglear Materials Transaction Reports X
Typically DOEMNRC-741
HEU Refesd Program Cylinder Cleaning _ .
7 | and Shipment Schedules X Historical
£ | Operational Log Books X
9 | Oxide Qonversian Feed St Were :’:;}:?wad on a best effort
10 | Plant and Department Activity Reports X Evolving format and content
] Citations and mfcrenc&& at times
1t | Plant Interdepartmental Correspondence X are lacki
12 GAT.POEF OR and Paducah Formal Plant X
& Technicat Reports
13 Interviews witHPlamChmntandFormcr X | Unsubstantiated and opinionated
Consonant Interviews with Mulnplc Current . « .
¥ | o Fotmer Bmpl X Subje:.:tto group think™
15 Dissonant interviews with Multiple Current x
and Former Employees
16 | Personncl Notes, Memos to File X
Correspondence Between
17 | AEC/ERDA/DOE Site Operations Oﬁicc X
and Operating Contractors
18 Drawings/Photographs of Systems and X
‘ Facilitics
‘ . . Implemented on a graded
19 Dpcraung and Maintenance Procedures X a h
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Table 6.5-1

Opportunities for Improvement - Prioritized

Prioxity

Improvement

Remarks

Evaluate potential for worker exposure and/or
envirenmerdal contzmination from 1998 X-
326 side purge fire

Clean—upqu:au work cunrently propressing; high
potential for ®Tc and Np contamination;
documentation may be readily availabla,

Evaluate X-744G facilitiesfactivitics for
potential worker expasure

Large quantities of oxide, solutions, nitrate, and
trapping materials containing possible TRU/FP were
gampled or batched over the operating history. .

Evaluate X-710 facilities/activities for
patential worker exposure

Handied small quantiies of TRU/FP under
experimental conditions

'| Quantify flow paths for recycled waste

streams (i€, jon exchange resins, heavy
metals sludge, etc.) fromn uraniym recovery
Facility

gt;wmsmpmbablytowmmamnmmmmm
| +]

Evaluate flow path of 17 MTU enriched (15.5
MTU with assay of 0,7103 and L5 MTU with
assay of 0.25303) UF, teceived from ORGDP
in FY 1961

Catcporized as non<TRU, but lack certainty

'} Choantify flow paths for various trapping

materials (ie., alumina, MNaF, and MgFs2)

High potential for worker exposure, but effort may be
time consumming

Evaluate X-760 Eacilttics/processes/activitics
{i.¢., fnorox process, etc,) for potential
worker exposure (particularly in late 1950°s
and early 1960°s) :

Quantities of depleted RU (Le., about 0.4 MIU UQ,,
3.3 MTU UO;, and 0.9 MTU UF,) received from
ORGDP in FY 1957 may have been used for eady
plant reactor studies in X-760, but records could notbe.
retrieved in time for this report

Quantity flow path for ®Tc at X-231A and B
Oil Biodcgradation Plots

Environtnental data may be available in RCRA closure
documentation

Complete evaluation of ORGDF/PGDP food
cylinder (ie., 2-1/2-4onand 10-ton) cleaning
history

May be difficult to retricve necessary records, but -
process could present potential for worker exposure if
cylinders are found to huve been cleaned at PORTS

10

Determine final disposition for unacconnted
for 0.04 MTU of UNH received from Division
of Intermational Affairs in FY 1966 — 1967

Low guantity of RU present and locating records may
be laborious

11

Quantify the TRU/FP constituents in LEU
oxides in storage

Lowpotentialfdrworknrcaqmmre in present storage

.confignration. High cost associated with sampling and

analysis. Results would be of benefit to final
disposition
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APPENDIX i |

PORTS SUDIMARY HISTORICAL DATA RECYCELED URANIUM WORKSHEET

(RECEIPTS)
Surtup thra FY 1970 FY 1971 @uu March 1999 Total Quardity
. Utan. Total . Total ‘
SR | Form | TotalQuantity | o T | ¢ B | Total Quuntity | Quantityor | ¢ | Total Quantity | Qunityar |3
of Uranium ' of Urranium Fecycleqd of Uratiittn Recycled E 1
Recycled : -
(&) Urivrm () &) Uranium (&) Uranpium é
: (& 4
Allied
Chemical U0, - 0 4073685 | 40832901 | 100 4,073,685 4023291 1 1
Baboodk & | uF, - 0 soresat | 1ssaz| 2 2,926,541 153,112
Divisionof | yp, 237204 50593 | 63 - 0 :
e p 2 150,593 237204 150593 | &
Affairs UNH 65,202 45855 | 70 - 0 65202 458551 7
Fernald 1,0, ) 21,069 ] - A4.831 588 7798373 17 44,852,657 71798373 T
France UE; 101,347,684 L] 6,849,106,756 1.585.73¢8 =) 6,950,454,440 1585738 | =
many TINEH - 0 6,853,588 6,859,688 100 6,853 588 6, 850588 | 1O
! UE, B64.952 864,952 | 1040 - Q 864,952 864952 | X
2 UF, 714,852,220 | 296,504,529 | 41 | 1,929.840,198 0 2.644,692,418 | 296,504,829 | 1
3 U, 802,892 418481 | 52 - - 802,292 - 418481 | &
0, 1319042 3,319,042 | 100 - -_ 3,319,042 3319042 { 10
NUMEC UFs 2,772,420 0 8679175 330429 4 11,451,595 330,429
Fadncsh UF; | 65%30,800434 | 7986093401 | 1| 45,705,582,073 0 114536382507 | 798,609,341
Undted '
e UNH ~ ) 6,957 6916 | 99 6.957 6916 |
USAEC
Office : -
Safeguards | Uk, 5,386,473 2833255 | 53 - 0 5,386,873 2833255 | S
& Materials -
Manhagement
Y-12 Uiy 1217878 0 © 94,305,888 103,719 ] 95 523,765 103,719 -
Total ‘
Receipts at 69,661,687870 | 1102746348 | 2 | s4.652,216055 | 20911560 { <t | 124.313,903,925 | 1,123,657,908
PORTS :
83



1

s

1

T T

PORTS SUMMARY HISTORICAL DATA.
RECYCLED URANIUM WORKSHEET

APPENDIX If

(SHIPMENTS)
Startup thru FY 1970 FY 1971 thru March 1999 Total Quantity

Facili u ‘ Total Tota RS
Y | Form | Totel Quantity | Quantityof | £ B | Totel Quontityof { Quantity of B | TotalQuantity | Quantityef |«
of Uranivre | Recycled Uranium Recycled %- of Uranjum Recyeled E %
&) Urenium | & & @ Urmiium | o8 ® Ucscivm | 8

{g) () (&)
ance UF, 904,052 0 136,997,667 84,553 | <l 127,501,659 64,553 | <1
K25 UF, BEAZ T30 | SI0LIE | 1 151 526,286 0 647,979,016 | 3,102,118 | <1
Paducsh | UFs | 33.549,902918 | 1,502,418 | <I | 48,837,760,004 |  (368000) | <l | 102,387,662,922 1134414 | <1
Total Shipments | 54,007.255,700 | 4,603,532 | <1 | 45,156783,897 | 303447y | =i | 109,163543,597 | a 301085 | <1

from PORTS
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APPENDIX IV
"PORTS CASCADE FEED
Pagelof 2
_ Feed Source
Paduocah | Reactor x PORTS Commercial :
E{,’;’:.l Product |  Tails g;“dg " PORTS R?rcrﬁcll:d Sources Misc, Total
MTU MTVU | Conversion | Feed Plant MTU - MTU MTU MTU
MIU
MTU
1955 5,268.5 934 - - 8,752.3 - 23 14,1124
1956 28529 363.1 — . 55072 1,090.7 0.8 98147
1957 445911 62 0.4 S 48 4 - 2.4 4,516.5
1958 3,392.2 64.2 1.9 151.0. 19.8 12831 - 0.8 4.913.0
1959 30716 - i.5 -1.959.6 — 03 1.9 5,034.9
1960 2.945.2 — 0.3 25135 - — 25 54624
1961 2.898.6 16,9 1.2 2,833.6 — 51.3 3.1 5.804.7
1962 21.341.9 - 0.8 1,210.0 - 1.575.1 1.4 5.6202
1963 28722 - 0.5 - 0.1 21054 1.0 4.973.2
1964 2.157.9 _— 09 0.2 T 524 2.623.2 1.3 4 %36.1
- 1965 1,274.7 — EX] — 1129.7 — 14.5 79815
1966 1,284.3 - 4.9 — - e 202.1 58011
1967 755.8 - 0.3 — — o 28.6 48651
1968 £90.5 -- 4.5 - - 0.5 29.6 4059.0
1969 2,236.2 = 15.8 - 6.3 0.4 197 41874
1970 1,950.9 168.2 9.6 — - 0.3 42.0 4019.7
1971 2 553.9 - 3.5 - - 3.374.7 283 6005.5
1972 " 1,6453 ] 18.7 - 6.0 27158 21.5 44230
FX) :
1972 4390 - 8.2 - 7.5 9656 783 1,634.5
{(BXA)
1973 1,549 - 274 -— 366 318M.6 3ls 57943
(BXA)
1974 1,11%.4 4000 15.F - 207.6 4,007.% 86.5 59074
(BXA) ;
1975 L4082 -— 14.8 - 180.4 34581 313 70928
{BXA)
197 1,166.5 -~ 221 - 4,6493 4,649.0 26 10,4895
(BXA) ' .
1976-5 3126 - 3.1 - 12727 1,405.6 — 2,994.0
(BXA) _
1977 1,003 8 ..,,. 7.7 - 503559 59812 ‘2.7 12.056.3
1978 1,358.2 — 1.0 — 1,765.2 6,253.8 93.7 94719
1979 996.8 - - - - 6,587.1 152.5 71,7364
1930 3,132.3 — — - 202 3,952.4 36.6 T.141.5
1981 2,749.0. ~— - o 16.6 38257 279.9 68712
1982 2,652.4 - - i .4 4,095.5 8874 7,665.7
1983 4.179.8 - - - — 4 063.6 958.6 9,208.2
1984 3,3042 - - —_ - 3,247.3 112.5 7,048.8
1985 3,107 8 - -— -— — 4.012.0 98.2 72180
1986 26875 - - - 0.1 2,914.3 871.9 6,474.3
1987 3,339.2 p - - L1 3,864.3 609.4 72814.0
85




APPENDIX IV
PORTS CASCADE FEED
Pagc2of 2
‘ Feed Source
Fiscal gad:?gt‘ R X705 ggﬁﬁ C%u;mrﬁﬂ Misc, Total
Year MTU | MTU Oxid PORIS Talls MTU MTU MTU
© | Feed Plant MTU
Conversion MTU
MTO
1988 39012 — ~— — 1.7 26813 5076 70018
1989 42128 e - 4,809.0 10534 | 10.077.1
1990 3,795.5 —_ — e 2.5 8.349.7 197.9 12,3456
1991 4.7524 — -— —_ 2.3 - 64084 [98.5 11,3616
1992 - 4.305.3 — e -— 3.7 6,448.6 258 10,883 4
1993 4.643.1 — 0.1 . _— 23 14324 224.0 6,301.9
1994 3,884.9 s 5.7 — 1.7 59078 119.3 . 9.919.4
1995 41937 - 2.7 L= 1.0 4.814.2 29.9 9.041.5
1996 3,924.9 - - - C 7.3 3,266.7 274 7,226.3
1997 4,179.3 — — - 1.0 - 3.326.7 264 - 71,5044
1998* ‘
1999*
(3731)
Total 121 485.4 320 817.2%

*Data was unavailable for FY 1998 — mid-FY 1999.
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APFENDIX V

REACTOR RETURN FEED CYLINDERS
FED TO PORTS CASCADE BETWEEN FY 1955-FY 1958

.

1 1

. |

Fagzel of 4
Titem Cylinder Number | % Assay Feed Date Item Cylinder Number Y Avsay Feed Drate
1 36542 0.6451 05/14/55 47 D-30764 0.6520
2 . BS90T 0.6606 _O5/18/55 43 D-22 0.6623 06/26/55
3 A2E77 06472 05/19/55 %9 A-3381 0.6390 06/28/55
4 27185 0.6702 05/20/55 50 DA7573 06624 0624155
5 33731 0.6125 _ O3/21/55 51 24%41 0.6419 Q70L/5S
[ 31041 D.658% O5/22/55 2 17293 0.6556 06/25/55
7 33680 06656 D3/23/55 53 T7474 0.6392 QG/2R/SS
z W53 0.6680 03/14/5% EL) ‘T68E2 0.6405 O7/01/55
9 A-3500 0.66%0 03/25/55 15 28382 0.6753 0627/55
10 233 0.6708 G3/26/35 3 32475 0.644% O6/27/53
11 36006 0.6588 03/27/55 57 29173 0.6406 06/79/5%
12 WsSge 0.6675 03/28/55 58 30303 D.6408 BTMLSS
13 50754 06740 05/29/55 9 A-1398 0.6430 06/29/55
14 JR02 06664 05/30/55 60 A-4130 0.5394 06/29/53
15 3l6E4 D.6752 Q3/31/5% [ 45454 £.6330 06/29/55
16 76516 0.6746 QE01/5% 62 31132 06422 06/27/55
17 31347 0.6750 06/02/5% 63 31512 0.6318 07/05/55
1 31458 0.6744 05/03/55 [ 30042 0.6392 07/104/55
19 26241 06198 06/04/55 [ 24956 0.6420 0TA02/55
20 W61 0.6128 06/05/55 [ 37159 0.6422 07/03/535
a1 £3243 0.6766 Q6553 &7 6281 0.6406 07/04/53
22 P 0.6715 0ENTISS 53 39782 0.6411 07/03/33
23 A-2841 0.6724 Q5/08/55 69 5152 0.6422 07/04/55
Z4 ' rivyy 0.6621 Q6/09/35 70 2665 6416 O710G/55
23 31704 0.6716 O5/L0/SS 71 EETTY 06359 07/01/55
25 21211 0.6705 06/11/55 72 D-18 0.6399 a704/55
27 24004 0.6715 QEr12/ss 73 D-25071 0.6358 - 07/05/35
2E 22063 Q6702 DG/13/55 74 D31903 0.6426 oTN7/55
9 39398 0.6575 06/14/55 75 D-27293 0.4399 0706155
I Tizse 06616 O6/15/53 Ta B23%70 0.6420 Q70735
31 T30 0.5779 06/16/55 77 I-35164 0.6374 UHOE/SS
3z 24106 0.65%2 06/17/55 72 D-27122 0.6353 07/08/55
i x) 29197 0.6731 O6/18/55 rl D-36326 0.6392 O7R9/53
4 26420 06676 06/19/35 £0 W-361 0.6393 U7/09/3S
35 21032 0.6737 Q6/20/55 B - DEG71 0.6356 07/10/55
a5 232779 0.6490 05/20/55 B2 31271 4.6379 07/10/55
37 D-40505 06432 06/11/55 23 23636 O.R. 07711755
3z D-376%5 0.6610 06/18/55 B4 35 Ok OT/11/558
39 DA255% 06348 06/27/53 B3 30113 0.6375 Q71255
40 D-57945. 0.6459 06/19/535 26 A-3435 0.6363 071258
41 Doe24] 0.6503 Q6122755 £7 R3207 0.65377 07/13/55
42 31702 0.646% 06/21/55 BE 19836 06370 07/13/55
3 D-50113 0.6537 06/ 19135 £ 39398 0.636% 07/14/35
44 I-859454 n.6411 06/21/55 20 36333 0.6804 a7/14/58
45 31852 0.6636 06/17/55 LT A-3E41 0.6385 a/13/58
46 D=29955 0.6400 06/23/55 92 AT458 0.6372 a13/5%

87




FED TO PORTS CASCADE BETWEEN FY 1955-FY 1958

APPENDIX V

REACTOR RETURN FEED CYLINDERS

Pagc 2 of 4
Jtem Cylinder Number Ya Assay Fecd Date Htem Cylinder Number e Assay Feed Date
23 253% 06509 OV16/55 144 36164 06500 0503755
g% 38905 a.6810 o/16/55 145 27123 056780 0%/02/35
95 32601 0.6213 o7/L 755 145 26620 06770 OROTISS
3 34756 0.6214 0717155 147 25716 06170 -UB/10/35
&7 39513 0.6828 07/18/53 148 25350 0.6720 GRIGITSS
28 ADTET 0,6E30 07/18/35 147 35144 0.6710 0BATI53
9 397 06833 07/19/45 150 TT474 .6800 OBOE/55
100 D-21241 0.6835 O7/19/5%8 151 31313 0.6740 VEN09/35
101 1500 0.6834 07/20/58 132 36137 0.6790 D8/11/55
102 334580 0.6842 07/20/5% 153 27599 0.6760 08/10/55
103 A-812 TO.ERIG 07/21/55 154 32777 0.6720 OR1153
104 27354 0.6824 07/21/55 155 A-3435 0.6500 0BA7/I5S
105 31183 0.6527 07722/5% 154 0137 Q6610 GENGIS5
i0s 2679 0.6806 07/73/55 157 23508 0.6720 0B/13/53
147 24350 06815 0723/55 158 A-3581 0.5820 GR/11/55
168 A3163 06827 07/24/55 134 23323 0.6880 OR/14/55
109 TE511 .6%24 0725/55 1640 85260 Q6280 08/14/35
110 39384 0.6820 GT/6/55 161 25213 06721 DE/15753
111 43375 0.6446 08A01/55 152 17916 D.6743 08/13/55
112 23508 0.6447 07/24/55 163 28382 0.6743 ORNIG/35
[FE] 17531 .6410 a7/24/55 164 D-I3680 0.6795 08/15/55
114 35439 0.6410 07/27/55 165 D-7R500 06806 08/16/58
115 T80024 10,6448 07/29/55 166 A-2554 0,6781 08/16/35
116 W-340 0.6432 A7/30/55 157 D-29961 G.6798 oB/16/55
117 T 25432 Q6477 O7/28/55 168 20836 0.6747 DR/1Z/5S
118 A-436T 0.6473 0B/05/55 169 27757 0.6823 0B/17/58
119 D-30853 06478 OR/D2/5S 170 31041 0.6837 OB/19/55
120 D-20961 0.6474 07/31/53 171 ‘37508 0.6830 08/16/55
121 A-Z955 0.6354 07731753 172 75688 0.6835 0a/17/5%
122 D-7544%5 0.6455 U778 173 17505 06735 o8/1L/5%
123 D 30435 0,63%0 07/26/5% 174 27724 06780 0B/14/55
124 P31012 0.6384 Q7127755 175 19533 0.6500 0R/21/55
125 A-S1IE 0,.6386 07/28/53 176 D-37927 06817 0R/17/53
126 29458 0.6441 O7ZRI5S 177 A-43167 0.6804 9L/21/55
127 D-36173 0.6406 U7/29(55 178 W79 0.6535 O8/18/55
122 25685 09,6351 0EA3/55 179 32571 0.6802 O8/19/5%
129 26300 0.659 07/29/55 180 A-3841 0,6205 OR/26/55
130 TES0) 0.6500 q7/295% 181 A-30042 0.6847 OB/1%/55
131 25875 06598 H8/01/55 182 D-59394 06838 0R/22/55
132 39154 26509 08/04/55 183 W-565 0.6833 QR/20/55
133 38325 0.6730 ORAIL/SS 184 38325 06844 0B/19/55
134 34562 0.6750 ORAS/55 183 36313 0.6935 0R/18/55
135 11597 0.6720 DRAOS/5% 186 TE4TL 0.6837 G3/27/55
136 40722 0.6700 QBANG/SS 187 A-343%5 0.6352 03/20/55
137 TI386 0.6700 QB/14/55 182 25330 0.6665 08/25/55
138 W-355 0.5590 0R/14/55 1E9 0113 06511 0R/I0/5S
139 3730 0.6790 VRAM/SS 190 23907 06788 08/22/55
140 3142 06789 0%/17/55% 191 24241 068356 09/01/55
141 Ti6ER Q,6740 0%/0E/55 192 31271 06824 OR/29/55
142 31454 Q.6710 ORN5/55 193 25685 06820 OR/2V/5S5
143 31271 0.6510 OLNN/55 194 2TATA 0.6E54 OB/25/55
BE




APPENDIX V

REACTOR RETURN FEED CYLINDERS

FED TO PORTS CASCADE BETWEEN FY 1955-FY 1958

Page3of4
Item Cylinder Number | % Assay Fecd Date Item, Cylinder Number Ya Assay Feed Date
195 - 35144 0.6820 03/21/5% 245 31182 0.6743 O/Q8/3S
196 CWE-362 06814 08/24/53 247 E5907 0.6739 09/08/55
197 36437 06850 0R/24/55 248 A-3433 06743 09D
198 27123 0.6835 09/01/53 249 3779 0.6747 09/09/55
199 18 .6842 a826/55 250 §1631 0.6764 O9/10/55
200 36325 0.6845 08/22/55 51 23182 06808 a#/10/35
201 48538 0.6851 DB/2L35 2152 37508 0.6787 09/11/%%
jritrd 73445 0.6844 O8/23/55 253 43358 . 05735 09/11/55
203 40787 0.6%48 08/26/55 234 26300 0.6719 09155
204 A-3300 06827 GE/21/55% 255 34756 0.6743 09/12/55
203 27378 0.6%35 08/11/35 156 W-36 16718 09/13/55
206 2E382 0.6823 DR/26/55 257 27123 0.5731 G9/13/55
207 25350 0.56833 OR/27/55 I3E A-E12 0.6737 09/12/55
208 29815 0.6834 DR/28/55 Z59 TIRI0 06722 09/14/55
209 37398 06829 08/30/55 250 A-4027 D.6725 02/13/55
210 31494 06839 0303/55 251 A=195 06726 09/15/55
211 32TTT 3.6837 OR28/55 262 A-550 0.6737 0%/12/35
212 32601 0.6331 D8/29/55 2463 IFER4 46740 O9/11/55
213 AL39Y 06865 09/03/55 v WIIE 0.671% O/14/55
214 37309 06844 QB/30/55 253 32479 0.6702 09/15/55
Z13 A-2955 0.6797 OB31/55 25 33202 0.6714 09/14753
216 23329 0.6314 08/29/33 267 27973 0.6761 19/135/35
217 TES00 - 0.6739 08/28/35 268 43525 0.6711 D16/55
218 TSEES 06787 09/02/55 265 7615 06713 039/16/55
219 _2TT24 0.6793 08/30/55 70 A-53L Q6708 09/17/55
219 £0139 0.6796 08/31/33 271 I5875 0.6671 O3/18/35
Z21 27354 0.6816 0201755 272 24183 0.6656 091855
222 FE511 0.6804 QONA/8s - 273 D=3756 0.6683 Q9/19/53
123 W-5538 0.6811 Q9702755 274 35851 06671 09/20/55
224 26716 0.6792 08/29/55 275 250656 045614 03/20/55
13 44783 0.6789 OB/11/35 276 D382 0.6659. 09121155
274 ARl neTm 09/03/55 7 D-80142 . 06682 O2/22155
227 77 06781 G455 TR D-37757 0.6657 09/72135
IR 2ROS0 Q6789 09/04/55 79 32601 06674 09/33/35
229 30758 00,6630 09005755 280 D-A9584 06699 09/21/55
230 27787 0.6793 09/05/55 281 D-35146 {1.66E0 09/124/35
231 D-39394 0.6773 09/05/55 282 D-31182 06684 09725055
232 AT536 D.6TE3 09/08/55 283 D-42656 - 06655 09/26/55
233 W-363 0.6743 09/12/35 284 + AS12 1.66358 09/26/55
234 D-36790 - 0.6725 09/11/55 255 D-303%1 DE&60 Q227155
233 D-25873 0.6740 09/11/33 286 D-31397 0.6641 OI/IB/55
236 26790 0.6740 09/11/55 287 27575 0.56651 Q928753
237 25875 0.6740 09/11/53 2588 D30993 065666 Q9/29/55
332 20142 06780 /11755 280 [x26350 0.6652 03/30/55
239 3708 0.6733 01855 20 [x-80113 06635 10/01/335
240 26730 0.6772 0/13/53 291 P-27123 0.6660 10/01/55
241 A-293 0.6770 Q1055 292 D=28056 0.6655 10/4F1/55
242 39333 0.6750 DIATH/55 93 D-33202 0.56655 10/02/55
243 A-dI6T 06756 2/08/55 294 45525 0.66044 10/03/55
244 D-EDI13 0.6754 09/04/55 203 37309 05690 10/03/55
245 D36818 0.6744 Q9/06/53 296 4AD02271 0.6671 11/28/56
29




APPENDIX YV

REACTOR RETURN FEED CYLINDERS

FED TO FORTS CASCADE BETWEEN FY 1955-FY 1958

PAGE 4 0F 4
Itemn | Cylinder Number | % Assay Feed Date Ttem Cylinder Number % Assay Feed Daie
757 1714 06300 0EN1/57 303 1668 06216 0521758
208 647 0.6600 04/19/58 304 §2 06615 0522758
299 1830 06520 0471758 303 2365 0.6644 45/33/58
300 2016 1 06586 05/17/58 306 2371 06706 05/23/58
301 1943 06515 05AE/3% 307 .. 163l 0.6650 052758
302 1 0.6445 03/19/58
Mote: 1) Cylinder Nos. 1-295 inclusive are 2-1/2-ton cylinders

2) Cylinder Mos. 296-307inclusive are 10-ton cylinders
3) Cylinders Nos. 1-295 fead point cells wee:

a) 29-3-1,5

b) 29-2-1,2,3,5,8,9,10

<) 31-5-1,2,3,4,5,6,7,8,9,10

d) 314-1,3,4,5,6,7,8,9,10

) 31-3-2,4,5,6,7,8,9,10
4} Cylinders Mos, 296-307 feed point cells were:

a) 33'1*11315;9

b) 33-3-3




APPENDIX VI

REACTOR RETURN FEED CYLINDERS FED
TO PORTS CASCADE (OCTOBER/NOVEMBER 1969)

91

Dtem Dite Fed Cylinder No %% Assay Feed Point
1 10/26/69 2442 06448 33-1-6
2 10/28/69 1233 0.6443 33-1-4
3 . 10/29/69 1109 0.6448 33-1-2
4 10/31/69 1187 06444 33-1-2
5 11/1/69 761 0.6438 33+1.2
6 11/2/6% 486, 0.6440 33-1.2
7 11/4/69 1848 0.6425 33-2-7
B 11/5/69 1121 0.64146 33-1-2
9 11/6/69 671 0.6434 33-2-7
10 11/8/69 1570 0.6444 33.0.7
11 11/9/69 457 0.6440 33-1-2
12 11/10/6% 1066 46438 33-1-2
13 11/1149 273 0.6439 33-1-2
14 11/13/69 839 0,6429 33-1-2
15 11/14/69 100 0.6444 33-1-2

16 11/15/6% . 3304 0.6440 33-1-2
17 11/17/69 3174 0.6450 33.1-2
18 11/18/69 1053 0.6458 33-1-2
19 11/19/69 2412 0.6437 33-1-2
20 - 1172169 669 0.6454 33-3-1
21 11/722/69 1013 0.6452 33-3-1
22 11/23/69 1220 0.6456 33-3-1
23 11/25/69 1515 0.6456 33-3+1
24 11/26/69 3321 0.6442 _33-3-3
25 11/27/69 267 0.6442 33-3-3
26 11/29/69 261 0.6425 33-3-3
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APPENDIX VII

R.EA_.CTOK RETURN FEED CYLINDERS FED
TO PORTS CASCADE (JANUARY 1974)

Pagclof2
Fem Date Fed Cylinder No. % Assay Feed Point

1 1/1/74 1624 0.6424 3343

Z 1/74 53 0.6440 33-4-3

3 1/2/74 105 0.6440 3343
4 17374 176 0.6435 3343

5 13174 116 0.6435 33-4-5
6 173774 1006 0.6442 33-4-5

7 1/4/714 147 0.6434 33-4.5

-] 1/4/74 500 0.6424 33-4-3

9 L/5/74 91 0.6441 3345
10 1/5/74 577 0.6434 3347
11 1/6/74 729 06424 334-7
12 1/6/74 181 0.6440 33-4-7
13 L7174 1063 0,6442 33.4.7
14 V774 1008 0.6441 33-4-7
15 1/8/74 1735 0.6438 ' 33-4-7
16 V874 2341 0.6439 334-7
17 1/9/74 2204 0.6422 334-7
18 119174 635 0.6436 33-4-7
19 1/10/74 2175 0.6429 33-4-7
20 1710774 1113 0.6442 334-7
21 1/10/74 834 0.6440 33-4-7
22 1/11/74 1316 0.6339 33-4-7
23 /11774 2198 0.6339 33.4.7
24 1/12774 1342 0.6438 33-4-7
25 1/12/74 1075 0.6429 33-4-7
26 1712174 1641 0.6421 33-4-7
27 1/13/74 2017 0.6475 33-4-7
28 1/13/74 1206 0.6422 33-4-7
29 1/14774 1737 - 0.6426 334-7
30 1/14/74 1143 0.6439 347
31 1/15/74 1531 0.6429 33-4-7
32 1/15/74 3106 0.6447 33-4-7
33 ~1/15/74 477 0.6434 33-4-7
34 116174 357 0.6429 33-4-7
35 1/16/74 1042 0.6427 33-4-7
36 V1774 2281 0,6422 3347
37 V17/74 465 0.6422 - 3347
38 V17174 119 0.6425 3347
39 /18714 1545 0.6421 334-7
40 1/19/74 3147 0,6430 33-4-7
41 1/19/74 1077 0.6437 33-4-7
42 1/19/74 3241 0.6426 33-4-7
43 1/20/74 943 0.6416 33-4-7
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- APPENDIX VIO

REACTOR RETURN FEED CYLINDERS FED
TO PORTS CASCADE (JANUARY 1974)

Page 2of 2
Item Date Fed Cylinder No. Ya Assay Feed Point
44 1/20/74 2164 0.6442 33-4-7
45 1721/74 3124 0.6428 3347
45 /2174 259 0.6450 33-4-7
47 122/74 3312 0.6450 334-7
43 - 122074 148 0.6426 33-4.7
49 1722174 1110 0.6443 33.-4-7
50 1723774 2070 D.6445 334-7
51 1/23/74 . 2025 0.6430 33-4-7
52 1/24/74 3359 0.6432 334-7
53 124174 1900 0.6432 334-7
54 125774 3314 0.6450 33-4-7
55 1/25/74 211 0.6439 33-4-7
56 1/25/75 2176 0.643] 3347
57 126774 1693 06426 334-7
53 17261714 3329 0.6447 334-7
59 1/27/74 71 0.6452 33-4-7
60 172774 1000 0.6425 33.4.7
61 1/27/74 513 0.6425 334-7
62 1128174 3353 0.6439 33-4-7
€
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REACTOR RETURN FEED CYLINDERS

APPENDIX VIII

RECEIVED FROM DIVISION OF INTERNATIONAL AFFATHS
AND FED TO PORTS CASCADE

Item | CylinderNo. | DateRoocived | o™ | Assay % N‘*l':’gg‘g'“ Hkg"%‘
1 - 050189 12/27/67 1/68-1/93 78.23 15.620 0.3
2 050417 12/27/67 1/68-10/77 £0.10 15.591 0.3
k| 050502 12/23/67 1/68-10/77 82,55 16323 0.3
4 050600 12727167 1/68-10/77 78.20 151299 03
5 050626 12127167 1/68-10r77 78.90 15.421 03
6 | 053874 12727167 1/68-10/77 80.47 16.175 0.3
7 050142 172608 1/68-10/77 8391 14.523 0.3
8 050287 1726198 1/68-10/77 £2.99 9.457 03
9 050240 1/26/98 1/68-10/77 83.24 15.844 0.3
10 051879 1/26/98 1/68-10/77 83.99 16.151 03

TOTAL 150.454 3.0
* Actual feed dates not available in time for this report.
04
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APPENDIX IX

REACTOR RETURN FEED CYLINDERS
RECEIVED FROM BAECOCK AND WILCOX

AND FED TO PORTS CASCADE
rrear | e | mecemven | B [ ASAY | wign | SSMNT | e
1 054066 12717776 10/77-1/93 | 96700 | 120
3 050020 1217776 10777 - 91471 | 136
3 050360 12717776 10/77—1793 | 97487 | 153 32 0310
) 050225 1271776 0/77-1/3 | 91470 | 142
5 054075 219776 1793 - 97344 | 183 45 0341
3 054060 12717776 1753~ 3376 | 1486 5 0210
5 051933 1217776 | W0/ —1/93 | 9258 | 16%
7 050126 5776 AT-10r7 | 7605 | 149
9 050012 12717776 177T-10/77 | 7605 | 150
10 | 050313 15717776 10777 - 94855 | 162
11 050362 12717776 10777 - 93420 |70
TOTAL 539

*Actual feed dates not available in time for this report.
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AFPPENDIX X

REACTOR RETURN FEED CYLINDERS
RECEIVED FROM USAEC OFFICE
SAFEGUARDS AND MATERIALS MGMTE.
AND FED TO PORTS CASCADE

CYLINDER DATE TIMEFRAME | ASSAY el SHIPMENT | HEEL
ITEM | NUMBER | RECEIVED FED “% | NO. ket
1 D946 1272768 * 1332 14053
2 D39829 12/2/68 ¥ 1.374 13833
3 050378 11/5/68 11768 — 10/77* | 75.03 6.4 24 0.262
4 050666 11/5/68 10/77 = 1/93%* | " 79.04 164 32 0.317
5 050609 | 11/5/68 [1/68— 10777%% | 71.69 129
TOTAL ' 28342

*Not fad to PORTS cascade as of March 31, 1999, remains in storage.
** Actual feed dates not available in (ime for this report.
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APPENDIX XI (CONT’D)

Pagelofl

TransNuclesar — France

NET :
CYLINDER | DATE TIMEFRAME | ASSAY

ITEM | NUMBER | RECEIVED FED "% weiGHT | SHOHENT | gepy,
‘ kg LkeU
1 050556 822173 79.92 15.594 37 0.323
3 053934 3123773 5793 75.92 15 594 Vi D.360
3 050174 973 297 79.82 14772 20 0.505
4 050619 27T 3/%8 79.79 14,772 31 0.196
3 050430 415174 9/97 6L.77 15.011 73 0.161
€ 050681 Y 11797 6489 15.011 35 0153
7 051859 a/5774 17%% 66 76 15.011 35 0.262

3 051942 35774 9757 57.96 15.011 38 o
9 050227 2574 798 5852 15011 %) 5077
10 050014 4/5F74 697 57.61 15.011 22 0117
1 050202 Ead $i97 T548 15.246 20 0.167
12 034032 6M53/74 9/97 7348 15246 7} 0.161
15 054050 /13774 3798 AT 15246 45 0.152
14 054090 6113774 /57 8259 15.246 73 0.938
15 050153 6/13/74 5797 %3 59 15.246 20 0.292
36 052365 7730074 5/98 79.97 16.407 37 0.358
i7 050381 7730774 9797 78,54 15.969 24 0,048
i 050104 3130774 - 75,94 15.969 1 0.201
) 051601 70074 797 79.69 15.927 34 0.199
20 051520 130774 T8 79.43 15.927 34 0.157
21 051956 T07TA 5758 5933 15.097 37 0.455
2 0653958 710774 3798 50 05 15627 43 0.215
23 051890 S30/7 8197 79.54 15.627 36 0.220
24 050296 10/22/75 697 7746 %667 25 0.963
25 050630 9710/75 1297 77.29 15127 32 0.166
% 051473 9710775 57 78.26 15.127 33 0.502
57 051485 910775 11/97 7799 | 15.127 %) 0255
7% 051528 9710775 1/98 7817 15.127 34 0.090
39 052355 9710775 - 75.69 15137 a1 0.159
30 054088 9/10/75 o757 7836 15.127 45 0216
31 054099 971075 2797 78.93 15.127 46 0.400
32 050143 971075 1/97 7678 15127 20 0315
33 054051 5/10/75 3/98 77.66 15.127 36 0.230
34 052300 5/5/776 398 719.68 5.21% 40 0207
35 053917 5/576 5/98 50.24 5.919 FE; 0.143
56 050293 /576 3/9% $1.50 5219 23 0352
37 050035 SIS 5757 81.59 5.219 19 5304
3% 050320 210775 /97 7848 15.127 25 0.571
39 053870 AI5/76 997 B81.41 11.353 41 0,148
40 040343 21176 6/97 80.04 | 15965 23 0.227
a1 050289 751776 12/57 79.26 15,665 34 0.220
2 0153335 21176 9797 79,26 15.965 40 0.190
23 051521 2176 757 79.36 15.065 33 0.29%
44 050203 THELTG 5197 £0.04 15.965 21 1010
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APPENDIX XI (CONT’D)

Page 3of 3

TransNuclear — France (cont’d)

| NET
CYLINDER | DATE TIMEFRAME | ASSAY SHEPMENT
ITEM | NUMBER | RECEIVED FED % WEIGHT NO. HEEL
ke/U kgl
45 050350 21776 11797 50,04 15.965 73 0381
36 050086 7R176 27197 80.04 15.96% 1 0311
%7 050713 274177 1793 79.69 15.965 36 0.110
e 050268 24l - 77.93 13.772 21 0.433
T 050367 AITT 97 76.33 B3.772 23 0.462
50 050390 2alT 798 79.64 3772 56 0.280
51 050163 TAFTT 57 79.68 13.772 20 0983
52 050189 TafTT 797 79.64 13.772 20 0.983
53 050018 2AFTT — 77.03 13.772 1 0,900
54 050253 ®11/77 1798 73.02 8.708 23 0144
55 050264 11T 6/97 8242 16335 21 L.00G
56 050574 Ti6HE Z 79,94 19.768
57 053945 116778 #97 B1.01 19.268 3 0.468
58 050338 1678 - _ 19.268 22 0221
59 050378 1U16/78 /57 7281 19.268 34 0262
60 050357 G /57 5515 19.768 22 .135
61 050700 V1678 9/97 56.54 19.268 36 0138
5 051522 i/iérTs 797 72.95 19.268 34 0252
&3 050032 i/16/7% 397 53.75 19.268 1% 0.249
64 550010 /16178 3/98 &7.60 19.268 74 0.961
65 050595 TH0/8 2798 73.48 14.017 Y 0.113
6 050491 T120 T8 398 F385 14.017 30 “0.127
&7 050696 720778 3/98 7331 14.017 33 0.043
‘ SUBTOTAL (FRANCE) 996,039 19.947
GRAND TOTALS 1,269,257 28,697
NOTES: 1. Material received FY 1972 through FY 1978 (8/3/71 — 7/20/98)
2. Material fed to PORTS cascade FY 1973 through FY 1998 (L/97 — 6/95)
3. Eighty-seven SA cylinders fed, 14MTU
&  Cylinders shipped to NFS and cleaned (0.020 MTU heels)
5, Feedpoint cells for the §7 5~ cylinders were:

a. 25-7-3
b 25-7-7
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APTENDIX XIT

REACTOR RETURN UF, FEED

RECEIVED FROM NATIONAL LEAD OF OBIO (FERNALD)
THROUGH PORTS OXIDE CONVERSION FACILITY

In
Cslinder |  Date Assa Net Hed | Sto
Ttem No. Produced | TinteframeFed* | 40 ¥ ch;%ht ke nf;;ffcf
: 31,1995
T | Sto%a1 1/76 1/76-10/77 2922 109
2| '5TO368 1776 1/76-10/77 . | 2.933 1738
3 | STO1E3 1776 1/76-10/77 2.922 1176
4| ST0160 1/76 1776-10/T7 2.922 7770
5 | STO403 5776 3562 | 1716 - Yes
6 | 170076 1776 2.923 7.079 - Yes
7 [ 120157 1776 U76-10777 3.922 | 135837
2 | 120154 /76 1776-10/77 2.922 | 134.322
"9 |__120007 1/76 1776-1077 3972 | 137.561
10_| 120180 1776 1/76-10/77 3922 | 133.375
il | 120187 5776 — 3.017 | 114.555 = Yes
12| 120175 5776 5776-10777 3.930 6,523
3_{ 120117 5776 5/76-10/77 3920 | 12001
i4_|_ 300195 5776 2.920 | 1371542 - Ves
15 | 300076 5176 2.920_ | 517.279 . Yes
16_|_ 300173 5176 2.920 | 1215469 = “Yes
17 | 3007208 176 2920 | 1491435 - " Yes
TOTAL £350.474

*Four 2-1/2 ton cylinders, two 127, and one 5” have not been fed (in storage) as of March 31, 1999;
**Actual feed dates and cylindar cleaning infotmation to be determined.
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| APPENDIX XIV |
OXIDE CONVERSION FACILITY AIR SAMPLER RESULTS — TOTAL ALPHA CONCENTRATION
TOTAL ALPHA CONCENTRATION (uCi/m!) BY SAMPLE LOCATION

Page 1of 2
Vearlloe. | g1 GI GK GL GM GN co GP
1963 1.73E-10
1964 L53E-10
1965 5.13E-10 | 5.79E-10
1966 39IE-10 | 1.13E.11 '

1967 243E-11 | 146E-12 | 2.73E-12 | 146E-12 | 533F-12 | B87E-12 | 153F.17 [ SA0E.12
1963 9.58E-11 | 1.22E-11 { 7.01E-11 { $.12E-11 | 1.21E-10 | 7.18E-1] | 8.63E.11 | L.36E-10
1969 9.92E-11 | 2.95FE-11 | 663E-11 | 2.17E-10 | 2.76E-10 | 2.42E-10 | 533E-11 | 2.60E-10
1970 8.36E-12 | 1.22E-11 | 4.40E-12 | L76E-I1 | 1.69E-11 | 2.63E-11 | 4.695-12 | 1.86E-11
1971 225E-11 | 349E-411 | 321E-11 | 6.77E-11 | 8.12E-11 | 3.15E-11 | 3.28H-]] 1.04E-10
1972 345E-11 | 1.01E-I1 | 3.53E-11 | S.02E-11 | 6.94E-11 | 3.88E-11 | 3.15E-11 | 8.66E-11
1973 4.17E-11 | 1.72E-10 | B.30E-11 1.30E-10 { 1.55E-10 1.82E-10 | 6.13E-11 | 3.87E-11
1974 2.22E-11 | 1.74E-11 1,78E-11 | 801E-11 { LI18E-10 | 1.10E-10 | 1.74E-11 1.01E-10
1975 2.20E.10 | 7.92E-11 | 2.40E-10 { 1.09E-10 | 1.57E-10 | 9.60E-11 | 3.15E-11 1.68E-10
1976 4.34E-11 | 6.23E-11 294E-11 9.33E-11 | 2.27E-11 | 3 8B2E-11 1.52E-11 1.43E-10
1977 3.47E-11 | 143E-11 | 204BE-11 | 5, 74E-11 | 2.5%9E-11 { 2.72E-11 | 2.19E-11 1.14E-10
1978 1.16E-11 | 1648-12 | 526E.12 | 830E-12 | 5.17E-12 | 6.15E-12 | 2.86E-12 | 99712

*NOTE: The following pmvides the Codde Conversion Afr Sampler Locations, Descriptions, and Calculatad DAC
for this appendix
i 1.4

(I;::‘; _ Description of Sampler Location Urmngf:slubllrty Cﬂctzl:éci;lml;)AC

GI | E-Area Cold trip Room Scales Arca Class D 2.77x107"

GJ H-Aren, (Hove Box Clasz D 2.77x107"

G | E~Atea, Cold Trap Room NaF Trap Area Class D 2.77x107"

GL | E-Area, Towsr Room Ash Beagtor, Glove Box - Class Y 1.9x10™"

GM_ | E«Area, Tower Room Glove Box, West Class Y 1.9x10™"

GN | E~Area Unloading Glove Box Class Y 1.9x107"

GO | E-Area, Calciner Class Y 1.9x10™"

GF | E-Area, Tower Room Glave Box, South Class Y 1.9x107

+*NOTE: The effective DAC for these areas as shown below:

fruos/DACDaz + frmaoDACHmo

+prz31IDACm7 + rﬂmJDACAmpu = "DA.CBE

fis the ratio of the isotopic activity divided by the total activity

101

+ fmf/DACuny +  funsd/DACY:;

MDA Cios + EmeDACun:
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: : APPENDIX X1V '
OXIDE CONVERSION FACILITY AIR SAMPLER RESULTS — TOTAL ALPHA CONCENTRATION
TOTAL ALPHA CONCENTRATION (uCi/ml) BY SAMPLE LOCATION

Page 2 of 2

Using the Fractions of the total activity for the muclides as listed abave in H area, the effective DAC is for Class D U
and Chiss W Th/TRU:

00016/4x10™2 + 00293/3x10°2 + 0.945/5x10™° +.0346/6x107° + 0039/6x10™ + 0 12/6x10°7'° 4 0.00086/2x107'2 +
00037/2x101%= 1/DAC = 3.6x10°: DAC = 2.8x107° .

Without the TRU but including the Th, the DAC would be:
ri22s/DACrz: + fiaso/DACHx0 + Fgad DACuzse + firnd/ DACms + firnsDACuzs = 1/DACey

.00016/43310"* + .00295/3x10™ -+ 0.950/5x107"° +.0348/6x10™° + 0124/6x10™° =I/DAC = 3.0x10°; DAC =
3.33x10°

(3.33-2.77)/3.33 = 0.168 or 17% more dose from inhalation of the recycled constituents jr=sent in the material, In
this case the doss from TRU is significant using the 10% rule,

ForﬂchascofC[amYuraxﬁm 'Th, Puand Class WNp in B Ares:

00035/7x107%  +.00793/7x107  +.9222x107"  4.0372x107"  +.006/2x10™"  +.023/2x107"  +.00075/2x1072
+.00283/6x107 %

I/DAC = 5.1x10% DAC = 1.94x10"";

The ¢lass Y case without TR does not need to be ealculated since the effect is so small -

. (2.00-1.94)/2.00 = 0.03 or 3%

In this case of insolublc TRU being present, the dose incrzase from the TRU constituents is insignificant. The then
current PAL of 4.8x10™" is still two and a half times the current effective DAC,
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APPENDIX XV

X-705 PECONTAMINATION AREA - AIR SURVEY RESULTS

| 1993-1994
Sample #'s (HFX-) Location* Al':’g“ ':gi" T |%TRU| wcirgy | %70
93-339, 9406, 176, 135 GB 21 0.2 948 | 024 | 321 | 40
93-306, 307, 445, 94-39, 136 GC 14 12 | 2065 | o3 | 697 | 38
93-308, 471{;"”3{: ‘;gﬁ.,'ngggv 33,40,51, | py 68 | 91 |48 |o3s | 128 | 18
93-340, 473, 94-09, 41, 138, 207 GF 3.4 28 | 2311 | 027 | 320 | 46
93-309, 446, 9‘;‘63_41-3“92:2}5’,557' 69.8%,92, | GG 7.9 71 | 8660 [ 017 | 371 | 56
93-341, 452, 474, 94-43, 11, 140, 209 GH 8.6 33 {1945 | 061 | 328 | a4
93448, 94-12, 36, 46, 143, 300 GQ 28 02 {229 | 0313 | 234 | 32
93-343, 476, 94-47, 13, 85, 95, 99, 144 GR, 32 13 | 2657 | 017 | 261 | 50
94-31, 4%, 58, 107, 115, 153, 204, 301, 215 GS 2.7 14 83809 | 005 | 688 ‘99
93449, 94-14, 145 GT 2.0 06 | 192 (o3| 335 | 47
93-311,450, 94-49, 146, 302 GU 2.9 12 | 1x19 | 023 | 299 | 39
93:344, 477, 94-32, 50, 16, 147, 303 GV 28 20 | 2219 | 022 | 264 | 36
103
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APPENDIX XV

X-T05 DECONTAMINATION AREA ~ AIR SURVEY RESULTS
1995-1996
. Bpy | Ppa | *'Np | Totul ‘
. Sample #'s (HPX-) Location* | pCi | pCi pCi pCi | % TRU| uCifgU | %20
95-10, 87, 113, 203, 282 GB 0 0 28 | 4838 | 006 | 1958 | 210
9546, 135,137,223,267,96-330| GC | 00 | 00 | o5 | 1625 | o003 | 440 6.4
93-47, 136, 169, 294, 273,293,961 gp 05 | oo 21 | 4120 | oo0s | 250 38
93-11. 88,170, 205,274,299.%-| gr [ 00 | 00 | o9 | 2312 | 004 | 435 7.0
93-12, 89, 138, 171, 206, 275, 300, 5 01 | 00 | 07 | s6s55 | 001 | 332 5.7
96-333 !
95-13, 90, 207, 301, 96-334 GH 03 | 00 | o4 | 1437 | 005 | 544 75
95-15, 94, 140, 208, 277, 303 GQ 00 | 00 | 04 | 1203 | 002 | 417 56
95-16, 141, 172, 278, 283 GR 01 | 00 10 | 3634 | 003 | 426 7.8
9593, 106, 112, 133, 159, 168,
180, 212, 214, 215, 216, 217,222,]  G§ 18 | 27 | 207 | 63287 | 004 | 2581 | 316
304, 96.336

95-17, 93, 209, 305, 96-337 GT 00 | 00 | o2 998 | 002 | 7.06 102
95-18, 142, 210,284,306,96338| GU | 00 | o0 | o6 | 1915 | 003 | 555 82
95-19,95,143,211,285,96339 | GV | 00 | 00 | 07 | 2399 | 003 | 386 55

i

*Note: The bocaticns of the X-705 Continuous Air Ssmpler locations listed above (and described below) are all Iocated within the

High Bay of the X-703

pt forthe

lor G8, whict

the diznszembly of procez: equipment, it wat induded..“ well.

GB Small Parts Decontamination @ Columa J-17
GC Calciner Atea, Recovery between Cols. AA-13 and AA.14
GD Compressor Maintenanee @ Col. G-6
GF Decontamination Tunnel @ Col. D-13
GG Grinding Booth @ Col. D-5
GH Detubing Booth @ Col. (5-20
GO Compressor Maintenance
GR Truck Alley
L] South Annex
GT Col. (3-25
GU Col E-18
Gv Col. G-12
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APPENDIX X1

REACTOR RETURN FEED CYLINDERS
RECEIVED FROM NUMEC AND FRANCE

AND FED TO POKTS CASCADE
NUMEC
CYLINDER | DATE TIMEFRAME | ASSAY NET SHIPMENT :
ITEM | NUMBER | RECEIVED FED w | WESHT NO. rﬁf}[‘
1 050178 81 197 79.8% 14.567 20 0.595
2 051861 8601 3/98 76,53 14567 35 0.272
3 050013 [ s/ 6/98 ~79.86 13.239 5 0.467
4 050191 8/6/71 3197 79.86 13.239 2 0.415
5 050054 7671 3197 39,96 13.239 1o 0.350
3 050460 2/6/71 1/98 79,81 13.239 28 0.960
7 050433 812071 /97 20.08 16.172 27 0.476
£ 051910 8/12/71 6/98 79.80 16.172 Stored M XTA4G
9 050207 217771 5/97 9,34 13,487 21 0.738
10 050290 8/17/7) 12797 £0.06 13.487 25 0.294
1 051467 /20771 2798 80.03 10.552 33 0341
2 052362 B/20/71 3798 79,94 10.552 a1 0.334
13 050384 &3H1 6197 0,02 15.067 27 0.577
14 051967 B/23/71 2/98 79,82 15067 iw 0.623
15 050112 8124771 197 %013 13.628 1 0.57%
16 050111 8RI1 3797 8187 14.229 15 0412
17 050131 827771 2797 $0.14 14.335 34 0.610
18 051938 827771 198 79.61 14329 3% 0.623
19 054053 85071 1798 0.58 13.110 a 0.496
20 052289 8A0/71 2/5% 79.89 13.110 40 0.292
SUBTOTAL (NUMEC) 373218 575
97




